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PEBFACE. 



The convenieucee, the comforts, and luxui"ieB con- 
ferred on Society by the many important Inventions 
of the present century, must naturally excite a desire 
to know the origin and progress of the application of 
scientific principles, by which such advantages have 
been gained. 

Practically considered, those Inventions are of 
mnch greater valne than the discoveries of Science 
on which most of them depend ; and the scientific in- 
qnirer who confines his views to abstract principles, 
without looking beyond them to the varied methods 
of their apphcation to useful poi-poses, may be com- 
pared to a traveller who, having toiled arduously to 
gain the top of a mountain, then shuts his eyes on 
the prospect that lies before him. 
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To the inquiring joutli, moi'e particularly, it ia 
desirable thiit he should be enabled to satisfy his wish 
to know by what means such woudere as Steam Nav- 
igation, Locomotion on Railways, the Electric Tele- 
graph, and Photography have been gradually devel- 
oped; and in hecoming acquainted with the snccessive 
steps by which they have advanced towai'ds their 
present perfection, he will at the same time learn a 
useful lesson of perseverance under difficulties, and 
will have his mind impressed with many valuable 
scientific truths. The knowledge to be gained by ench 
inquiry is eminently practical, and of a kind wliict 
those engaged in any of the pursuits of life cai. 
scarcely fail to require. 

A History of Inventions almost necessarily implies 
a description of the mechanisms and processes by 
which they are effected ; so far, at least, as to render 
the principles on which their actions depend under- 
stood. It would be impossible, however, in a wort 
of this limited size to enter minntoly into explanations 
of inechanisms, and into the applications of scientifit 
discoveries, which woixld require a separate treatist 
for each ; but it has been the Author's endeavour to 
give a succinct, intelligible account, free from techni 
calitiee, of the manner in which they operate, so as ( 
be comprehensible to all classes of readers. 
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By thus giving a popiilar character to the woi'k, 
to make it acceptahle to tlie young, it is hoped that 
it will not be found less worthy, on that account, the 
perusal of thoBe more advanced in life. 

When Beckman wrote his Histoiy of Invenlioiis, 
towards the close of laat century, scai'cely any of tlie 
wonderful discovenes and coatrivancea that now form 
parte of our social system were known ; and the table 
of contents of his two large volumes affords a ennoua 
insight to tbo nature and limited extent of such con- 
trivances ae were then considered most important. 
The introduction into his history of such subjects as 
canai-y birds, carp, the adulteration of wine, apothe- 
caries, cock-fighting, and juggling, lead us to infer 
that the Historian of Inventions at that time must 
have had some difficulty to find appropriate matter 
wherewith to fill his volumes. The opposite difficulty 
now presents itself. The numerous important, won- 
derful, and curious accomplishmente of human skill 
and ingenuity during the present century render pref- 
erence perplexing, where so many deserve descrip- 
tion. From among the number that press for notice, 
the Author has endeavoured to select those that are 
either the most important, the most remarkable, or 
that seem to possess the germs of future 
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and he trusts tliat the selection he has made, and tlic 
mode in which the suhjccts have heen treated, will 
render this volume intereatiug and instructive. 



F. C. E. 



6 ffmerstoek TerraBe, Sampatead, 
NovenAer. 1858. 
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GREAT FAOTS. 



THE PEOGEESS OE USTYENTION. 

The inveotive faculty of man tends more directly 
than any other intellectual power he possesses to raise 
him in the scale of creation above the brutes. Nearly 
every advance he makes beyond the exorcise of his 
natural instincts is caused by invention-— by that power 
of the mind which combines known properties in dif- 
ferent wave to obtain new results. 

"When an Indian clothes himself with the skins of 
animals, and when he collects the dried leaves of the 
forest for his bed, he is either an original inventor, or 
he is profiting by the inventions of others. Those 
simple contrivances — the fii-st steps in the progress of 
invention — are succeeded by the more labored efforts 
of inventive genius, such as contriving means of sheltei- 
from rain, or from the heat of the sun, when caves 
cannot be found to creep into, or the overhanging 
foliage fails to afford sufficient covering. The con- 
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a GREAT FACTS, 

etruction of places of shelter is an imitation of the 
protection formed by Nature ; and the rudest Iiut and 
the most magnificent palaces have their prototypes 
in caverns and in the interlacing hranchos of trees. 

■Nature also supplies knowledge of the means by 
■which inventors are enabled to ■work. The savage who 
seizes hold of a broken bongh is in possession of the 
lever, the uses of which he leai'ns by the facility it 
afibrds in moving other objects. He ascends to the 
top of a precipice by walking np the sloping hill 
behind, and he thus becomes practically acquainted 
with the principle of the inoUned jplcme. The ele- 
ments of all the mechanical powers ai-e then at his com- 
mand, to be apphed by degrees in administering to 
his wants, as his inventive faculties, guided by ob- 
servation and experience, Eug:gest, An accidental kick 
against a loose stone shows the action of propulsive 
force ; and the stone that he has straek with his foot, 
he leai-ns to throw with his hand. The bending of 
tlie boughs of trees to and fro by the wind teaches 
the action of spring ; and in the course of time the 
bow is bent by a sti-ip of hide, and tlie relaxation ot 
the spring, after farther bending, propels the aiTow. 
Observation and imitation thus lead to invention, and 
every new invention forms the foundation of furtlier 
progi'ess. 

It has been so with every inveniion at present 
known, and must eo eontinne to the end of time : — 
" There is nothing new under the sun." Gas lighting, 
Steam locomotion, and the Electric Telegraph have 
each sprung from some source " old as the hills," 
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THE PEOOBEBS OF INYENTION, O 

though 80 modified hj gradually progressive changes, 
that the giant we now see laeara no resemblance to 
the infant of ages past. 

The observation that light particles floating in the 
air are attracted by amber when rubbed, which was 
made known six centuries before the Christian era, 
was the origin of the invention by which commnui- 
cations are now transmitted, with the rapidity of 
lightning, from one part of the world to another. 
There is no apparent relation between effects so dis- 
simihir; yet the steps of progress can be distinctly 
ti-aced, from the attraction of a feather to the develop- 
ment of the electric telegraph. 

Whenever the history of an invention can be thus 
tracked backward to its sonrce, it will be fonnd to 
have advanced to its present etate by progressive 
steps, each additional advance having been dependent 
on tlie help given by the progress before made. Some- 
times these onward movements arc greater and more 
remarkable tlian others, and the persons who made 
them have become distinguished for their inventive 
genius, and are considered the benefactors of mankind ; 
yet they were but the followers of those who had 
gone before, and shown the way. 

Many of the most remarkable inventions are attri- 
bntable to accidents noted by observing and inventive 
minds. Not unfi-equently also have important discov- 
eries of ti'utb been made in endeavouring to establish 
error ; and new light is being constantly thrown on 
the path of invention by nnsnccessful experiments. 
This view of the means by which inventions 
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4 GREAT PACTS, 

ori^uate and are bronglit to perfection may a 
to detract from the merit of inventors, since it regards 
them as founding their conceptions altogether on the 
works of otliei'e, or on chance. Bnt instead of dimin- 
ishinj; their claims to approbation and reward, it 
places those claims on a more substantial foundation 
than that of abstract original ideas. The man who 
has the faculty to perceive that by a different applica- 
tion of well-known principles he can produce Kseful 
effects before unknown, directly benefits mankind far 
more than the discoverer of the principles which had 
till then lain dormant ; and the numerous difficulties 
which ever arise before an invention can be practically 
operative, frequently afford exercise for reasoning 
powers of the highest kind, which may develop new 
arrangements, that exhibit rb much originality and 
research as were displayed by the discoverers of the 
principles on which the invention depends. 

The dependence of every invention on preceding 
ones produces very frequently conflicting claims among 
inventors, who, forgetting how much thoy were in- 
debted to others, do iJOt hesitate to charge those, who 
make still further improvements, with imitation and 
piracy. It is, indeed, sometimes difficult to determine 
whether the alterations made in well-known contri- 
vances are, or are not, of sufficient importance to 
constitute inventions ; and there can be no doubt that 
there is too great facility afforded, by the indiscrimi- 
nate grant of letters patent, for the establishment of 
monopolies that often servo to ohsti-uct further im- 
provements. At the same time, it must be observed 
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THE rROGRESa OE* INVENTION. 5 

that a very tiifling addition or change occasionally 
giv^ practical value to an invention, which had been 
useless witliout it. In such cases, though the indi- 
vidual merit of the inventor is STnall, the benefit 
conferred may be important, and may operate influen- 
tially in promoting the progress of civilization. 

Scientific discovery goes hand in hand with inven- 
tion, and they mutually assist each other's progress. 
Every discovery in science may be applicable to some 
new purpose, or give gi'eater efficiency to what is old. 
Those new and improved instruments and processes 
provide science with the means of extending its 
researches into other fields of discoveiy ; and tlms, as 
every truth revealed, supplies inventive genius with 
fresh matter to mould into new forms, those creations 
become in their turn agents in promoting further 
discoveries. 

The action and reaction thus constantly at work, 
tend to give accelerating impulse to invention, and 
are continually enlarging its sphere of operations. 
Instead, therefore, of supposing, as some do, tliat 
invention and discovery have nearly reached their 
limits, there is more reason to infer that they are only 
at the commencement of their careers ; and that, great 
as have been the wonders accomplished by the appli- 
cations of science during the first half of the present 
century, thoy will be at least equalled, if not sui-passed, 
by those to be achieved before its close. 
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STEAM I^AVIGATION. 

Ships, propelled by some mysterious power against 
■wind and against tide, cutting their ways tbrougli the 
water without apparent, impulse and like things of 
life, were not unfrequently seen gliding along in the 
regions of fancy, ages before tlie realization of such 
objects on geogi-apbical eeas and rivers was looked 
upon as in the slightest degi-ee possible. Even at the 
beginning of the present century, it seemed to be 
more probable that man would be able to navigate 
tlie air at will, than that be should be able, without 
wind or current, and in opposition to both, to propel 
and steer large ships over the waves ; yet, within 
twenty years afterwards. Steam Navigation had ceased 
to be a wonder. 

If we look back into the records of past ages, we 
find that inventive genius was active in tbe earliest 
times, in endeavouring to find otlier means of pro- 
pelling boate than by manual labour and the uncer- 
tain wind, some of which contrivances point to the 
method subsequently adopted by the cons ti'uc tors of 
steatn- vessels. 
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STEAM NAVIGATION. 7 

To enable us to appreciate properly the gradual 
advances that have been made in perfecting any 
invention, it is necessary to consider its distinguishing 
features, and the difficulties which inventors have 
had snccessively to contend against. On taking this 
view of the progress of Steam Navigation, it -will be 
found that the amount of novelty to which each 
inventor has a claim is very small, and that Ms piin- 
cipal merit consists in the application of other inven- 
tions to accomplish his special object. The same 
remark will indeed apply to most other inventions ; 
for the utmost that inventive genius can accomplish, 
is to put together in new forms, and with different 
applications, preceding contrivances and discoveries, 
which were also the results of antecedent knowledge, 
laboui-, and skill. 

When, for iustance,welook upon an ordinary steam- 
boat, the most remarkable and the most important fea- 
ture is the paddle-wheel, by tlie action of which against 
the water the boat ie propelled. Yet that method 
of propelling boats was practised by the Egyptians 
hundreds of years before steam power was thought 
of; and the ancient Eomans made use of similar 
wheels, worked by hand, as substitutes for oars. It 
would seem, therefore, to be only a small step in 
inventive progress, after the discovery of the steam 
engine, to apply that motive power to turn tiie 
paddle-wheels which had been previously used ; and 
now that we see the perfected invention, it may sur- 
prise those who are unacquainted with the difficulties 
which attend any new appliance, that Steam Naviga- 
tion did not Boojier become an accomplished fact. 
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In a book called " InTcntions and Devices," by 
"William Bourne, published inl578, it was proposed to 
make a boat go by paddle-wheels, "to be turned by 
some provision." The MarcLuis of Worcester, in his 
"Century of Inventions," also speaks vaguely of a mode 
of propelling ships. But Capt. Saveiy, the inventor 
of the earliest working steam engine, was tlie liret to 
suggest the application of steam to navigation ; and Dr. 
Papin, who contended with Sarery for priority of 
the invention, also suggested about the same time the 
application of the elastic force of steam to that purpose. 
These crude notions, however, do not deserve to be 
considered as inventions, though they probably assist- 
ed in suggesting tiie idea of the plan proposed by Mr. 
Jonathan Hulls, who in 1736 took out a patent for 
a steam-boat, and in the following year published a 
description of his invention, illustrated by a drawing, 
entitled, "A description and draught of a new-in- 
vented machine for carrying vessels or ships out ot 
or into any harbour, port, or river, against wind or 
tide, or in a calm." 

The greater part of this publication is occupied with 
answers to objections that he supposed might be raised 
to the scheme, and in the preface he makes t3ie fol- 
lowing observations on the treatment inventors were 
exposed to in his day, which we fear will apply equally 
at the present time. " There is," he says, " one gi-eat 
hardship lies too commonly on tliose who purpose to 
advance some new though useful scheme for the 
public benefit. The world abounding more in rash 
censure than in candid and unprejudiced estimation of 
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BTEAM NAVIGATION. 9 

things, if a person does not answer their expectations 
in every point, instead of friendly treatment for his 
good intentionB, he too often meets with ridicule and 
contempt." 

At the time of Mr, Hulla' invention, Watt had not 
made his improvemente m the steam engine, and the 
kind of engine Hulls employed was similar to New- 
comen'e, in wh ch the Etcaiii was condensed in the 
cylinder, and the } iston alter being forced down by 
the direct preaeure of the atmosphere, was drawn 
upwards again 1 J a weight The paddle, or "vanes," 




as he called them, were placed at the stern, between 
two wheels, which were turned by ropes passing over 
their peripheries. The alternate motion of the piston 
was ingeniously converted into a continuons rotary 
movement, by connection with otlier ropes attached 
to the piston and to the weight, the backward move- 
ment being prevented by a catch or click. 

The woodcut which lays before yon is a reduced 
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10 GREAT PACTS. 

copy of Hulls' " draught " of his steam-boat, as 
given in hia book, a copy of wliicli is preserved in the 
British Museum. 

The utmost application of steam power to naviga- 
tion contemplated by Hulls was to tow large vesaela 
into or out of harbour, in calm weather, by means of 
a separate steam tug-boat, as he considered the cum- 
bersome mechanism would bo found objectionable on 
board the ships to be thus propelled. It does not 
appear that this plan was effectually tried, nor was 
the arrangement of the mechanism, nor the imperfect 
condition of tho steam engine at that period, calculat- 
ed to make the effort successful. 

'For some years after Mr. Hulls' plan had been 
published, and had proved abortive, no furtlier attempt 
seems to have been made, until the improvements in 
the steam engine, by "Watt, rendered it more appli- 
cable for the purpose of navigation. The French 
claim for tlie Marquis de Jouffroy the honour of 
having been the hrat who successfully applied steam 
power to propel boats, in 1782 ; though another French 
nobleman, the Comte d'Anxiron, and M. Perier, had 
eight yeara previously made some experiments with 
steam-boats on the Seine. The Marquis de Jouffroy's 
steam-boat, which was 145 feet long, was fj-ied on the 
Soane, near Lyons, with good promise of success. 
The marquis was, however, obliged to leave France by 
the fury of the Eevolution, and when he returned in 
1796, he found that a patent had been granted to 
M. le Blanc, for building steam-boats in France. He 
protested against the monopoly, but the patent 
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remained in force, and the plaii received no further 
development, either from the Mai^q^uia de Jouffroy, or 
tlie patentee. 

About five years later, Mr. Patrick Miller, of Dal- 
Bwinton, in Scotland, directed his attention to the 
propulsion of boats by mechanical means, and con- 
trived different liinds of paddles, and other propellers 
to be worked by hand, which were tried on boats on 
Daiswinton Lake. The great labour required to work 
these machines induced Mr. James Taylor, a tutor in 
Mr. Miller's family, to suggest the use of steam power 
to turn them, and he recommended Mr. Miller to 
obtain the assistance of William Symington, an en- 
gineer, who was at that time endeavouring to make a 
steam locomotive carriage. Among the first difficulties 
that suggested themselves, was the danger of setting 
fire to the boat by the engine furnace. This difficulty 
was overcome by Mr. Taylor, and the arrangements 
were completed, and the experiment was tried in 1788 
The steam engine and mechanism were applied to a 
double pleasure-boat ; the engine being placed on one 
side, the boiler on the other, and the paddle-wheel in 
the centi-e, Tlie cylinders of the steam engine were 
only four inches in diameter; but with this engine 
the boat was propelled across Dalswintou Lake at a 
speed of five miles an hour. 

The success of this experiment induced Mr, Miller 
to have a larger boat built, expressly adapted for the 
introduction of a steam engine. It was constructed 
tinder the superintendence of Symington, and was 
tried successfully on tlie Foi'th and Clyde Canal in 
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1789, wlien it was propelled at the rate of seven miles 
an hour. 

In the arrangement of the mechaniam of this boat, 
the cylinder was placed horizontally, for the purpose 
of making connection between the paddle-wheel and 
the piston, without the working beam. The piston 
was supported in its position by fiiction wheels, and 
coniniiinicated motion to the paddles by a crank. The 
paddles were placed in the middle of the boat, near 
the stern ; and there was a doiiblo i-udder, connected 
together by rods which were moved by a winch at the 
head of the vessel. 

It is not very clear why Sir. Miller did not follow 
up tliie success. Objection, indeed, was made by the 
proprietors of the canal on account of the agitation of 
the water, which it was feared would injure the banks. 
It would appear also that a misunderstanding took 
place between Miller and Symington, which gave the 
former a distaste to the undertaking ; and having 
shown that such a plan was practicable, he left others 
to carry it into practical effect. 

Several methods of propelling boats, otherwise than 
by paddles, had some yeai's previously been suggest- 
ed ; among which were two that have been again and 
again tried by succeeding inventors, down to the pres- 
ent day. 

One of these is an imitation of the duck's foot, 
which expands when it strikes the water, and collapses 
when it is withdrawn. The other is the ejection of a 
stream of water at the stern, or on both sides of the 
boat, so as to produce a forward movement by re- 
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action. Botli these plans of propulsion seem feasible 
in design; but tliey have hitherto- failed in practice. 
A pastor at Berne, named J. A. Genevois, has the 
credit of having invented the duck-feet propeller in 
1755 ; and in 1795, six years after Mr. Miller's suc- 
ceseful experiments, Earl Stanhope had a steam-boat 
built on that principle. It was so far a failure, that it 
was not propelled faster tlian three miles an hour. 
The other method of propulsion, though of older date, 
was patented in 1800 by Mr. Linnaker, who proposed 
to draw the water in at the head of the vessel, and 
eject it at the stern, and thua to obtain a double action 
on the water for propelling ; but the plan was not 
found to answer. 

In 1801, Lord Dun das revived Mr.Miller's project, 
and availed himself of Mr. Symington's increased 
experience and the further improvements in the steam 
engine, to construct a much more perfect steam-boat 
than any that had been made. He spent £3,000 
in the experiments, and in March, 1802, hia vessel, 
called the " Charlotte Dundas," was tried on the same 
scene of action, the Porth and Clyde Canal. This 
boat, according to Symington's report, towed two 
vessels, each of seventy tons bui-then, a distance of 
nineteen miles and a half in six hours, against a strong 
wind. The threatened injury to the banks of the 
canal by the gi'cat agitation of the water prevented 
the use of tliis boat, which was conBec[uently laid 
aside ; for the views of the inventors of steam-boats in 
the first instance were limited to their employment to 
drag boats along canals, 
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"We now approacli a period when more decided 
advances and more rapid progress were made towai"d3 
realizing steam navigation as a practical fact. Mr. 
Fulton, an American, residing in France, after making 
a number of experiments, wnder the sanction and 
■with the assistance of Mr. Livingstone, the American 
Ambassador, launched a small steam-boat on the Seine 
in 1803, but the weight of tlie engine proved too 
great for the sti-ength of the boat, which broke in the 
middle, and immediately went to the bottom. 

Not disheartened by this failure he built another 
one, longer and stronger, and this he succeeded in 
propelling by steam power, though very slowly. It 
was, indeed, a much less successful effort than the 
attempts of Mr. Miller and Lord Dundas. Having 
been threatened with opposition by M. le Blanc, the 
patentee of steam-boate in France, Fulton determined 
to J'eturn to his native coimtiy, where the large 
navigable rivers and lakes offered ample scope for the 
development of steam navigation. Having heard of 
the success of Symington's boats, he visited Scotland 
for the purpose of profiting by his experience ; and he 
induced Symington, by promises of great advantages 
if the invention succeeded in America, to show him 
the " Charlotte Bundas " at work, and to enter into 
full explanations of every part. Thus primed with 
the facts, and vrith the further suggestions of Syming- 
ton, Fulton repaired to !New York. Mr. Livingstone, 
who had assisted Fulton in his experiments, was 
himself an inventor of several plans of propelling 
vessels by steam, and in 1798 he obtained a patent in 
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the State of Kcw Tork, for tweuty years, on condition 
tliat ho should produce a eteam-boat by the 7th ot 
March, 1799, that would go at the rate oifowr miles 
an hour. Having failed to fulfil that condition, the 
patent pj-ivilege was left open, and was promised to 
the first inventor who succeeded in propelling a boat 
by steam power at the proposed speed of four miles an 
hour. Fulton, who had entered into pai'tnerehip with 
Mr. Livingstone, possessed advantages in the construc- 
tion of the vessel he tnilt in America, far greater than 
any previous inventor. He had not only gained knowl- 
edge by his former failures, but he was able to profit 
by the experience of others, and he had secured a 
enporior 6 team-engine, manufactured by Bonlton and 
Watt, of twenty-horse power. This was a much more 
powerful engine than any that had been used in 
any former experiment; the one employed by Mi-. 
Livingstone having had only five-horse power. This 
eteam-vessel was launched at New York in 1807, and 
was called the " Clermont," the name of Mr. Living- 
stone's residence on the banks of the Hudson. Its 
length was 133 feet, deptli 7 feet, and breadth 18 feet. 
The boiler was 20 feet long, 1 feet deep, and 8 feet 
broad. There was only one steam cylinder, which was 
2 feet in diameter, with a length of stroke of 4 feet. 
The paddle-wheels were 15 feet in diameter, and 
5 feet broad ; and the burthen of the vessel was 160 
tons. Crowds of spectators assembled to see the boat 
start on its first experimental voyage. The general 
impression, even of those who were friendly to Fulton, 
was that it would fail, and an accident which occurred 
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when tlie vessel was under way confirmed this opinion. 
The forehodei-3 of evil exclaimed immediately that 
they had " foreseen sometliing of the kind ; " and 
observed " it was a pity so much expense had been 
incurred for nothing ! " The required repairs were, 
however, eoon made. The vessel when again tried cut 
her way bravely through tlie water, to tlie astonish- 
ment of all, and the doubts, and fears, and lamentations 
were quickly changed into congratulations. 

As the " Clermont " ui-ged its way up the Hudson, 
its chimney emitting innumerable sparks from the 
dried pine wood used as fuel, it excited great alaa-m 
among those who were not prepared for such an appa- 
rition. An American paper of that day thus deecrihed 
the effect produced on the crews of other ships in the 
river: — " Ifot withstanding the wind and tide were 
adverse to its approach, they saw with astonishment 
that it was rapidly coming towards them ; and when 
it came so neai' that the noise of the machinery and 
paddies was heard, the crews, in eome instances, 
shrunk beneath their decks from the terrific sight, 
or left their vessels to go on shore ; whilst others 
prosti'ated themselves and besought Providence to pro- 
tect them from the approach of the horrible monster 
which was marching on the waves, and lighting its 
path by the fires which it vomited." 

Daring the time that Tulton was building his 
steam-boat Mr. K. L. Stevens, of Hoboken, in the 
State of New Jersey, was also engaged in a similar 
undertaking. Though his name is comparatively little 
heard of in the history of Steam Navigation, his 
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efforts were more successful than any tliat had been 
made previously, and but for tbe fortunate chance to 
Fulton that he was able to launch and pnt his boat in 
action a few days before Stevens had completed his, 
all, and more than all, the merit that is now ascribed 
to the former would have been attributed to Steyens. 
The previous successful experiment of Fulton having 
fulfilled the conditions imposed by the State of Naw 
York, he obtained the exclusive right of steam naviga- 
tion on the rivers and along the coast of that State ; 
therefore, after Stevens bad launched his boat on the 
Hudson, he was unable to employ it there. In this 
predicament he ventured on the hazardous experi- 
ment of taking his steam-vessel by sea, and successfully 
accomplished his voyage from New York to Delaware, 
This was the first attempt to put to sea in a steam- 
boat. 

Mr. Stevens introduced many important improve- 
ments. He increased the length of stroke of the 
engines ; he applied upi-ight guides for the piaton- 
rod, to supply the place of the parallel motion ; and 
he divided the paddle-wheel by boards, by which 
means a more unifonn motion was obtained. By these 
improvements he succeeded in raising the speed of 
steam-vesselfl to thirteen miles an hour. 

Whilst Steam Navigation was making such prog- 
ress in America, it was not neglected in this counti-y. 
Mr. Henry Bell, of Glasgow, a man of great ingenuity, 
had for some time directed bis attention to the subject, 
and had given some useful hints to Fulton. Seeing, 
as he aftei'wai'ds said, no reason why others should 
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proUt by his plans without his participation in the 
fame and the profits, he determined to build a steam- 
boat himself, which was completed and launched in 
1811. Bell called his boat the " Comet," in commem- 
oration of the remarkable eccentric luminary which 
was at that time frightening Europe from its pro- 
priety. The boat was 25 tons burthen, with an 
engine of about S-horee power. It plied on the Frith 
of Forth for a distance of 2T miles, which in ordinary 
weather it accomplished in 3^ hours. The " Comet" 
is generally supposed to have been the firat steam-boat 
that plied regnlariy in Europe ; and its construction 
was so perfect, that no boat built for many years 
afterwards surpassed it, taking into consideration its 
size and the small power of its engine. Bell, though 
he had done so much to advance Steam Navigation 
in this country, was allowed to suffer neglect and 
penury in his old age, till tiio town of Glasgow granted 
him a email annuity for his services. 

A claim has been preferred on behalf of Messrs. 
Furnace and Asliton, of Hull, to priority in building 
the first steam-vessel that was worked in England. It 
is stated, that " about the year 1787, experiments were 
made on the river Hull, by Furnace and Ashton, on 
the propulsion of vessels by steam power. Furnace 
and Ashton built a boat, which plied on the river, 
between Hull and Eeverley, for some time, and an- 
swered exceedingly well. In consequence of the good 
results of their experiments, they built a mucli larger 
vessel and engine, and sent the whole to London, to 
be put together and finished ; after which it was sub- 
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jected to the severest tests, and gave the greatest 
satisfaction. The vessel was bought by the Prince 
Eegent (afterwards George IV.), who had it fitted and 
furnished as a pleasure yacht ; but it was soon after- 
wai'ds burnt, having, it is supposed, been -wilfully set 
on fire by persons who were afraid that such an 
invention would be injurious to their ealling. The 
Prince was so much pleased with the invention and 
ingenuity of rnrnace and Ashton, that he granted 
them a pension for their lives of £70 a year each."* 
This steamer was on the paddle-wheel principle, pro- 
pelled by a ateam engine, to which was attached a 
copper boiler, 

From this time forward the progress of Steam Navi- 
gation was very rapid. Steam-ships were built longer 
and larger, and with more powerful engines ; and the 
most skilful builders rivalled each other in the con- 
struction and adaptation of their vessels and engines, 
so as to attain the highest possible speed. The 
locality in which Steam Navigation may be said to 
have had its birth continued for a long time to be 
pre-eminent, and steam-boats built on the Clyde still 
rank very high, if not the highest, in tlie scale of ex- 
cellence. 

The ordinary land steam engine required consider- 
able alterations to adapt it to marine purposes ; nor 
was it till great experience had been gained in pro- 
pelling vessels by steam power, that the more essen- 
tially requisite modifications were adopted. It was 
found important, in the fli-st place, to reduce the space 
* Britisli Assooioition Keport for 1853. 
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occupiod by the machinery as nmch as possible. The 
boilers were consequently made of less dimensions, 
but more extensive in their heating surface. It was 
also found desirable to employ two engines instead of 
one, the pistons being made to rise and descend alter- 
.nately. By this means the motion was rendered more 
etjnable, and by placing the cranks of the common 
shaft at right angles, the " dead points " were passed 
more readily, and the want of a fly wheel was thus 
compensated. 

The steam-boats em]iloyed in this country were, 
almost from the firet, and continue with few excep- 
tions to be, on the low-pressure condensing principle ; 
the whole of the machinery being placed below the 
deck. This renders it necessary to diminish the height 
of the engines as much as possible ; and in all marine 
steam engines, till within the last twenty jeai-s, in- 
stead of having a working beam over the cylinders, a 
cross-head was placed at the top of the piston-rod, the 
action of which was conveyed by parallel motions to 
cross beams on each side, which were situated at the 
bottom part of each engine. The motion, compared 
with tliat of an ordinary land engine, was thus invert- 
ed. The proportions of the cylinders were also difl'or- 
ent ; the length of stroke being shorter, to diminish 
the height, and the diameter consequently greater. 
The valves, and the gearing connected with them, the 
air pump, the condenser, and other subsidiaiy parte, 
do not differ essentially from those of land engines; 
but the governor is omitted, as it is found impractica- 
ble to work a marhie engine with great regularity. 
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Latterly, many engineers have introduced, with 
mnch success, arrangements for commuDicating the 
action directly from the piston-rod to the crank, with- 
out the intervention of the beam and pai-allel motions. 
This is generally done .by causing the piston-rod to 
work between guides, and a jointed arm connects it 
with the crank. One method of producing the earae 
effect is to make the cylinders oscillate on pivots, as 
contrived by Mr, Murdoch, in the first model steam 
carriage, made in 1784. This principle has been 
successfully canied into operation by Messre. Penn, 
of Greenwich. The oscillating cylinders accommo- 
date themselves to the varying directions of the 
cranks, and the strain, occasioned by guide rods is 
diminished ; hut when veiy large cylinders are 
recLuired, the friction and the pressure on the pivots 
must tend to counterbalance tte advantage otherwiee 
obtained. 

In the ordinary paddle-wheel steam-boats, the 
floats of the paddle-wheels are fixed at equal distances 
round the rim, radiating from the centre; therefore 
they enter and come out of the water obliqnely. 
There is, conseguently, a considerable loss of power 
attending the use of such paddle-wheels, as only one 
float at a time can be acting vertically on the water, 
and exerting the propelling force in a direct line. 
Several attempts have been made to remedy this 
defect, and to produce what is called " feathering " 
floats, every one of which will act against the water 
at right angles. The Tnechanism required for making 
this adjustment is, however, liable to get out of order. 
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and the introduction of vertically acting floats has 
consecLuently been very limited. 

The large projecting paddle-boxes ai'e objectionable 
in sea-going ships, as they present bo large a surface to 
tlie action of the wind, andeitherirapedo thecourae 
of the shipj or make it unweatherly. This inconvenience 
was experienced in the early progress of Steam Navi- 
gation, and many attempts were made to over- 
come it, by substituting a different kind of propeller. 
Kecourse waa bad to the inventions of tbe ancienta,frona 
whom the paddle-wheel was taken, to find some other 
means of propulsion. A method of propulsion, similar 
in principle to the action of sculls at the back of a boat, 
had be on contHved long before the inconvenience of 
paddle-wheels in Steam JTavigation was experienced. 
In 118i, Mr. Bramali obtained a patent for a propeller 
similar in its forme to the vanes of a windmill, which 
by acting oblicLuely on the water as it revolved, 
pushed tile boat forward. Ten yeai-s afterwards, an 
" aquatic propeller " was patented by Mr. William 
Lyttleton, a merchant in London. It consisted of a 
single convolntion of a three-threaded screw, and may 
be considered to be the first screw propeller invented. 
Numerous other ingenious persons, among whom were 
Tredgold, Trevethick, Maceroni, and Killington, af- 
terwards invented propellers on the screw principle ; 
but none of tliera were eufiiciently satisfactory in 
their results to come into practical nse. 

In 1836, Mr, Smith and Mr. Ericsson obtained a 
patent for a screw propeller, which nearly resembled 
Mr. Lyttleton's original contrivance ; and by pereever- 
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ance in straggling against the many obstacles with 
which he had to contend, Mr. Smith succeeded, 
though all previous efforts had failed. His partner, 
however, became disheartened by the obstacles thrown 
in their way, and left this country for America before 
the success of the screw was estabUshed. 

The fli-st ship fitted with the screw propeller was 
called the " Archimedes," It was a vessel of 33T 
tons burthen, with a draught of water of 9 feet 4 
inches. The screw projected at the stern, and being 
turned rapidly round by the steam engine, the oblique 
action of tlie thread of the screw against tlie water 
impelled the vessel forward. 

The " Archimedes " was originally fitted with a 
single-thi'eaded screw, the threads of which were 8 
feet apart, and there were two convolutions of the 
screw round the shaft. One convolution of the screw 
having been accidentally broken off, the ship was 
found to go faster in consequence ; and, following tlie 
course of investigation suggestedby the accident, Mr. 
Smith at last adopted a douhle-tliroaded screw, with 
only half a convolution. The average performance of 
the engines was 26 sti'otes per minute, and the num- 
ber of revolutions of the screw in the same time was 
138^. The " pitch " of the screw was 8 feet ; that is, 
the space across one entire convolution of the thread 
would have measured 8 feet ; consequently, had it 
been acting against a solid body, as a cork-screw when 
entering a cork, one revolution of the shaft would 
have advanced the vessel 8 feet, and the speed would 
have been 12^ miles an hour ; but the utmost speed 
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the " Archimedes " ohtained was 9^ nautical miles. 
The ditference wae owing to the screw " slipping " in 
the water, because the fluid yielded to the oblic[U6 
action of the blades. 

The results of the working of that experimental 
ship were so satisfactory, that other ships were soon 
built, with modifications of the form of the propeller. 
It was found disadvantageous to have an entire eon- 
volution of the thread of tlie screw ; for one part of it 
worked in the wake of the other, and resistance was 
produced by the backwater. After numerous exper- 
iments, in which the dimensions of the screw were 
successively diminished, the propeller was at length 




reduced to two oblique blades Expei iments on a large 
scale were conducted by Captain rii])(.nter, to deter- 
mine the size and angle of inclination best adapted for 
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the purpose of propiilBion ; and neai-ly all the ships 
now built for the Eoyal Navy are fitted with propel- 
lers on his principle. The annexed diagi'am represents 
on a scale of one-eighth of an inch to a foot, the form 
of the propeller of the " Agamemnon," of 606-horse 
power, which was recently engaged in successfully 
laying down the Atlantic Telegraph c'ahle. The 
diameter of the screw is 18 feet, and the pitch 20 feet. 

The screw propeller possesses gi'eat advantages in 
ships of war, as it is not exposed to damage hy shot, 
and it leaves the entire deck clear for mounting guns. 
It has also the further advantage of not interfering 
witli the working of sails, and is, therefore, admirably 
adapted for sea-going ships that economize fuel by 
alternately steaming and sailing, as the wind is advei-se 
or favourable. The commotion in the water made by 
paddle-wheels, which is an objection to their nse in 
narrow rivers, is avoided by screw propellers, which 
heing immersed under the water, make little agitation 
on the surface, and the ships move along without any 
apparent impelling power. 

The speed of ships with tlie best constructed screw 
propellers is fully equal to that of paddle-wheel 
vessels ; and when two vessels of the same size, and 
with engines of eqaal power, one fitted with paddles, 
and the other with the screw, are fastened stem and 
stem together, in a trial of strength, the screw pro- 
peller has heen found to have the advantage, and to 
pull its antagonist along at the rate of one or two 
miles an hour. 

The difficulty at first experienced in the application 
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of the screw propeller was to communicate a suffi- 
ciently rapid motion to the shaft to which it is fixed ; 
hut, by the employment of direct-acting engines, this 
difSculty has heen for the most part overcome. The 
power is generally first applied to drive a large cog- 
wheel, the teeth of wliich take into the teeth of a 
smaller cog-wheel fixed to the propeller shaft, and in 
this manner the velocity is sufficiently increased. 

In 1852 the proportion of screw to paddle-wheel 
vessels building in the Clyde was as 43 to 30. The 
advantages of the propeller are becoming every year 
more appreciated, and it is rapidly superseding the 
paddle-wheel. 

In the steam-boats of the United States tlie engines 
are constructed on the high-pressure principle ; and by 
working ■with steam of the pressure of 100 pounds on 
the square inch, and witli larger paddle-wheels, their 
boats attain a speed exceeding sixteen miles an hour. 
But numerous explosions of boilers on the Worth 
American rivers have operated as a caution against the 
introduction of high-pressure engines in steam-boats in 
this country. The dread of high-pressure steam was 
early impressed by the destructive explosion of the 
boiler of a steam -vessel at Norwich in 1817, which led 
to a long parliamentaiy inquiry into the subject; and 
the subsequent loss of life by the explosion of the 
" Cricket " on tlie Thames, has tended to strengthen 
the apprehension of high-presBurs steam engines. For 
river use, however, when fresh water is always at 
command for generating the steam, there appears to 
be no more cause for fear of ingh-prcssure engines in 
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boats than on railways, provided the boilera are con- 
structed with snfilcient care. Theex]ierimeiita made 
hy Mr. Fah'hairn on the strength of boilers, the resulta 
of which were communicated at the meeting of the 
British Association in 1853, prove, that by increasing 
tlie number and strength of the " stays, " or internal 
supports, of the boilers, they may be made, if suffi- 
ciently strong, to roaiet any possible pressure ; and that 
the squai-e shape, which was supposed to be the weak- 
est, offers, on the contrary, peculiar facilities for giving 
increased strength. In one of these experiments made 
to determine the ultimate strength of the flat surfaces 
of boilers, when divided into squares of sixteen inches 
area, the boiler did not give way until it had sustained 
tlie enormous pressure of 1,625 pounds on the square 
inch. 

It might be desirable, in the construction of steam 
boilers, to adopt the same piinciple that is introduced 
in the building of gunpowder mills, one-half of which 
ie hnilt in strong masonry, whilst the other is made of 
wood. By this means, when an explosion does occur, 
much less damage iadone, for the lighter part only is 
blown away, which does little injury. In the same 
manner, steam engine boilers might be constructed 
with a small portion comparatively weaker, so that 
if it gave way there would not he much damage done. 
Safety-valves are intended to act in that manner ; and 
if they were properly constructed, they would sufli- 
ciently answer the purpose, and guard against the 
possibility of danger ; hut the numerous accidents that 
occur with boilera provided with imperfect eafaty- 
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valves, show that there is a necessity for some more 
effectual protection. Engineers are not sufficiently 
alive to the importance of improvements in this res- 
pect. They supply an engine with safety-valves, 
which would answer the purpose if kept in proper 
condition ; but they do not mate effectual provision 
against cai-elees management and reckless misconduct. 
Some years since, a gentleman in America sent to the 
author a desciiption, with drawings, of a safety-valve 
tJiat combined the principles of the safety-plng with- 
out its inconvenience ; it being so contrived that when 
the boiler became too hot, it melted some fusible 
metal which previously held down the valve, and then 
a, weight pulled it open to allow an ample escape ol 
steam ; but when the heat was lowered, the valve 
again closed. This was shown to an eminent engineer 
for his opinion. He pronounced it to be very ingen- 
ious, and that it would, no doubt, answer the piirpose ; 
but he said, "An improved safety-valve is not wanted, 
those in use being quite suf&cient for the purpose." 

In steam-ships, where salt water is lised for gene- 
rating the steam, the incrustation on the sides of the 
boilei-s becomes a serious annoyance. It obstructs the 
communication of heat from the furnace to the water, 
and the metal is thus liable to become red-hot. JSTumer- 
ous plans have been adopted for the purpose of pre- 
venting the accumulation of salt on the sides of the 
boiler, the most common of which is to allow the 
water, when saturated with saline matter, to escape, 
and then to fill the boiler afresh. Among other con- 
trivances for effecting the same purpose, without the 
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waste of heating power which the change of watei 
occasions, is Mr. Hall's plan of condensing the steam 
in dry condensers, cooled externally, so that the die- 
tilled water may he need again and again. This plan 
though theoretically good, is not much adopted ; for the 
condensation of steam cannot he so well accomplished 
by that means as when a jet of cold water is thrown 
directly into the condenser, Tlie principle of the dry 
condenser has, however, been lately made available 
in a new kind of engine, wherein the combined action 
of steam and of spirit vapour is applied as the propel- 
ling power. 

Steam-boats had been for many years in extensive 
use on the rivere and seas of Europe and America 
before it was thought practicable to make voyages 
in them across tlie Atlantic. At the meeting of the 
British Association at Livei-pool in 1837, that subject 
was brought foi-wai-d for consideration, and it was then 
attempted to be shown, by calculations of the quanti- 
ties of coal requisite for such a voyage, that steam 
communication with America would not be profitable, 
if it could be accomplished, as the coal would occupy 
so much of the tonnage as to leave scarcely any space 
for passengers and goods. Within a few months 
afterwards those calculations were set at nought by 
the "Sirins" and the "Great Western, " which suc- 
cessfully crossed the Atlantic with passengers and 
cargo, the former in nineteen days from Cork, and the 
latter in sixteen. At the present time, steam-packets 
are constantly crossing from New York to Liverpool in 
eleven days. 
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Steam-ships now find their way to India and even 
to Australia, though the necessity of taking in coals at 
dep6tB supplied from England not only prolongs the 
time, but adds so materially to the cost, as to render 
steam communication with those distant places scarce- 
ly practicable with profit, since no freight can pay for 
the expense of coaling nnder such circumstances. To 
overcome tliat difficulty, it was proposed to build ships 
largo enough to cany a supply of coals sufficient for 
the voyage there and back. One of these ships has 
been built for the Eastern Steam Navigation Company 
by Mr. J. Scott Knssell, from the plans of Mr. Brunei, 
wJiich ia 675 feet long, 83 feet broad, and 60 feet deep. 
It is adapted to cany 6,000 tons burthen, in addition 
to the engines and req^uisite quantity of fuel, and to 
accommodate 2,000 paseengei's. Tliis monster ship 
has been built on what is called the " wave principle " 
of ship-building, with long concave bows. It is to be 
propelled by the combined powers of the paddle-wheel 
and the screw. The engines for the former consist of 
i oscillating cylindei's, 16 feet long and 74 inches iu 
diameter, and the screw is to be worked by 4 separate 
engines, with cylinders of 84 inches in diameter. The 
speed which the " Great Eastern " is estimated to 
attain is 24 miles an hour, and it is calculated that the 
voyage to Ansti-alia will bo accomplished in 30 days. 
There seems, at present, but small prospect of those 
calculations being realized, for the great cost incurred 
in launching the vessel and other expenses have ex- 
hausted the funds of the company by whom the ship 
was constructed. 
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Another company has, however, been formed for 
the purpose of completing, if possible, this great 
experiment in Steam Navigation ; and the opinion so 
strongly expressed by Mr. Eairbaim at the recent 
meeting of the British Association at Leeds, of the 
strength of .Ihe monster ship, ■will give additional 
etimubis to their exertions. The ship is built on the 
same principle of construction as the Britannia Bridge 
over the Menai Straits, and it waB stated by Mr, 
Fairbairu that it might be supported out of water, 
either in the centi-e or at each end, without injury. 
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No invention of the present centiiry has produced 
so great a Bocial change as Steam Locomotion on rail- 
ways. Not only have places that were formerly more 
than a day's journey from each, other been made ac- 
cessible in a few hours, bat the cost of travelling has 
been so much reduced, that the expense has in a great 
degree ceased to operate as a bai' to communication by 
railway for businese or pleasure. 

Though the coaching system in this counfi-y had 
attained the highest degree of perfection, a journey 
from London to Liverpool, previously to the formation 
of railways, was considei-ed a serious undertaking. 
The " fast coach," which left London at one o'clock in 
the day, did not profess to ariive in Liverpool till six 
o'clock- the following evening, and sometimes it did 
not reach there till ten o'clock at night; and the fare 
inside was four guineas, besides fees to coachmen and 
guards. The same distance is now performed in six 
hours, at one-third the expense, and at one-fourth the 
fatigue and inconvenience. 

Eailway Locomotion, however, forms no exception 
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to tlie rule, that most modem inventions have their 
prototypes in the contrivances of agea past. They were 
used npwarda of two hundred years before locomotive 
engines were known, or before the steam engine itself 
was invented. The manifest advantage of an even 
track for the wheels long ago suggested the idea of 
laying down wood and other hard, smooth surfaces 
for carriages to run upon. They were first applied to 
facilitate the traffic of the heavily laden waggons 
from the coal pits ; tlie " tramways," as tliey were 
called, being formed of timber about six inches square 
and six feet long, fixed to transverse timbers or 
" sleepers," which were laid on the road. These 
original railways were made eufSciently wide for the 
wheels of the waggons to run upon without slipping 
off; the plan of having edgings to the rails, or flanges 
to tlie wheels, not having been adopted till a later 
period. To protect the wood from wearing away, 
broad plates of iron were afterwards fixed on the tram- 
ways. 

Oast iron plate rails were first used in 1767. The 
flat plates on which the wheels I'an were made about 
three inches wide, with edges two inches high, cast 
on the near side, to keep the wheels of the " trams " 
on the tracks. These iron plates were usually cast in 
lengths of six feet, and they were secured to trans- 
verse wooden sleepers by spikes and oaken pegs. Tlie 
tramways were laid down on the surface of the conn- 
try without much regai-d to hills and valleys, the 
horses that drew the trains being whipped to extra 
exertion when they came to a hill, and in descending 
2* 
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some of the steep inclines, the animals were removed, 
and the loaded waggons were allowed to descend the 
hills by their own gravity, the velocity being checked 
by a break put on by a man who accompanied them. 

The chief use of the tramways was to facilitate the 
conveyance of coals from the pits to tlie boats ; and 
as the level of the pit's mouth was higher than that 
of the water, it was an object, in laying down a tram- 
way, to make a continuous descent, if possible, for the 
loaded trains to run down, the dragging back of the 
empty ones being comparatively easy. Thus, though 
" engineering diificulties " were not mucli considered 
in the construction of those early railways, engineer- 
ing contrivances were adopted to diminish the draught, 
by making tlie gradients incline in one direction. 

Soon after the invention of the Steam Engine had 
been practically applied to mining purposes, its pow- 
er was directed to draw the coal waggons on rail- 
ways. This was done about the year 1808 ; and, in 
the first instance, the application of steam power was 
limited to drawing the loaded waggons up steep in- 
clines. A stationary engine was erected at the top 
of the incline, and the waggons were drawn up by a 
ropo wound round a large drum. This mode of ti-ac- 
tion was afterwards extended, in many instances, 
along the whole railway, so as to supersede the use 
of horse power. The employment of stBtionaiy en- 
gines in this manner was continued, even after the 
invention of locomotive steam engines, to draw the 
trains up inclines that were too steep for the power 
of the small locomotives at fii-st used to surmount ; 
nor has this plan been yet altogether abandoned. 
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Tlie application of steam to the direct propulsion, 
of cai'riages was a comparatively slow process. It 
was, indeed, contemplated by "Watt, as a substitute 
for horse power on common roads, though he does 
not seem to have contrived any means by which ifc 
might he done. The first tnown application of the 
kind was made by Mr, Murdoch, an engineer in the 
employment of Messrs. BouUon and "Watt, who in 
1784 constructed a working model of a steam cai'- 
riage, still preserved, and which formed ono of the 
most interesting objects in the Great Exhibition of 
1851. The boiler of this model locomotive is made 
of a short length of brass tnbe, closed with flat ends. 
The furnace to generate tlie steam consists of a spirit 
lamp. The steam is conducted directly from the 
boiler to a single cylinder, which is mounted on a 
pivot near the eenti'e, so that by the movement of 
the cylinder the piston-rod may adapt itself to the 
varying positions of the crank. Tlie two hind wheels 
are fixed to the axle, and on tlie latter is the crank, 
attached to the piston-rod, A single wheel in ft-ont 
serves to guide the carriage, which is propelled by 
the rotation of the two hind wheels. The elastic force 
of the steam is directly applied as the moving power ; 
and after it has done its work in the cylinder, it is al- 
lowed to escape into the air. 

This first known application of steam as a locomo- 
tive power is more perfect in its general arrangements 
than many steam carriages that were subsequently 
brought into operation; and in the plan of balancing 
the cylinder on pivots, we perceive the origm of the 
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oaciUating engines, which have "been recently inti^o- 
dueed with much success in Steam Navigation. By 
that arrangement there is attained the most direct ap- 
plication of the piston-rod to the crank, with, the least 
loss of power, 

Mr. Murdoch's intention was to employ sncli car- 
riages on common roads, but he did not proceed to 
put his plan into operation. Several other engineers, 
among whom was Symington — who, as we liave be- 
fore seen, took an active part in the invention of 
Steam !Kavigation — afterwards endeavoured to realize 
Mv. Murdoch's ideas on a working scale ; but tlie first 
who succeeded in making a locomotive engino, that 
I'an with any success, were Meeers. Ti-evethick and 
Vivian. In i80i tliey constructed a locomotive en- 
gine, which was employed on a mineral railway at 
Merthyr Tydvil, in South "Wales. The boiler of their 
engine resembled the one in Mr. Murdoch's model, 
in having circular flat ends ; but, to inci-ease the 
heating smface, a flue was inb-oduced in the middle 
of the boiler, which passed through it and back again, 
in the shape of the letter U. Tlie lower part of the 
tube formed tlie furnace, and the upper part returned 
through the boiler into the chimney, Tlie steam 
was admitted into and escaped from tlie cylinder by 
the working of a four-way cock, the contrivance of 
the slide-valve being then unknown. On the axle 
of the crank a cog-wheel was fixed, and, by means 
of the usual gearing, it comrannicated motion to the 
hind wheels, which were fixed to the axle, so that 
when the wheels i-evolved the carriage was propelled. 
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It is a remarkable fact that tliis engine of Mr. 
TrevetJiick'a presents the first practical application of 
liigb-pressure steam as a motive power. "Watt had, 
iiideedj suggested the application of the impulsiTe 
power of steam, and Mr. Murdoch's model locomotive 
was necessarily consti-ucted on that principle; but 
until Mr. Trevethick's locomotive engine was in ac- 
tion, no application of high- pressure steam ]iad been 
made on a working scale. 

The projector of locomotive engines were for 
many years possessed with the notion that it was 
necessary to have some contrivance to prevent the 
wheels from slipping on tlio road, as it was supposed 
that otherwise tlie wheels would be turned without 
moving the carriage. Numerous plana were devised 
for overcoming this imaginary difficulty; and though 
experience proved that even on railways the adhesion 
of the wheels was, in ordinary circumstances, suf- 
ficient, jet various schemes continued to be tried for 
the purpose of facilitating the ascent of hills. The 
imitation of the action of horses' hoofs was one of tlie 
means attempted, but such additional aids were eventu- 
ally found to be of no avail, and were discontinued. 

All tlie endeavours that were made, in the first 
instance, to apply steam power to locomotion, had in 
view the propulsion of carnages on common roads, 
the idea of consti-ucting level railways through the 
country, for facilitating the general traffic, being 
looked upon as too visionary a project to be realized. 
The inventors of locomotive engines consequently di- 
rected their attention almost exclusively to the ar- 



Hostea by Google 



iiO GREAT FACTS. 

rangeraeiit tliat would best apply Eteaiii power to 
overcome the varying obatacies and undulations of 
common roads. 

It is very curious and interesting, in tracing the 
progress of an invention, to observe the different 
phases through which it has passed, before it has been 
brought into the state in which it is ultimately ap- 
plied. It not unfreqnently happens that the original 
purpose sinks into insigniiicance, and is almost lost 
Bight of, as the iuvention becomes more fully de- 
veloped. Other objects, that were not pei'ceived, or 
were considered altogether impracticable, pi-eeent 
themselves, and are then puraued ; and the invention, 
when perfected, is very different from its original de- 
sign. Thus the endeavours of the first inventors of 
Steam Navigation were confined to the construction 
of steam-tugs that would propel the boate along canals, 
or take a ship into harbour, the notion of fitting a 
eteam engine into a ship to propel it across the sea 
not having been thought of. In the same manner, the 
invention of Steam locomotion on railways was either 
not contemplated in the first instance, or was consid- 
ered very subordinate to the construction of can'iages 
to bo propelled by steam power on common roads. 

Among the most successful of those engineers, who 
constructed steam carriages to run on roads, were Mr. 
Guraey, Mr. Birstall, Mr. Trevethick, Mr. Handcock, 
and Colonel Maceroni. Mr. Gurney was one of the 
first on the road. His steam carriage completed sev- 
eral journeys very successfully, and proved the prac- 
ticability of employing steam power in locomotive 
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engines many yeai-s before the first passenger railway 
was brought into operation. Thia, like all otlier newr 
inventions, was, however, beset with difficalties, 
among which the most annoying was the dctennined 
obstroction the plan met with from the trustees of 
public roads, who levied heavy tolls on the carriages, 
and laid loose stonee on the roads to stop them from 
rnnning, as tlie driving wheels were found to be de- 
strnctive to the roads. There was also considerable 
danger in rnnning steam carriages on the same roads 
on which ordinary traffic was conducted, because the 
strange appearance of the engines, their noise, and the 
inning steam, frightened the horses. 

Notwithstanding these difficulties, the importance 
of applying steam as a locomotive power for passenger 
traffic became bo apparent, that a Committee of the 
House of Commons wiss appointed in 1831, to consider 
whether the plan could be adopted witli safety on 
common roads, and whether it should not be encour- 
aged by passing an Act of Parliament for regulating 
the tolls chargeable on such carriages, and for pre- 
venting the obstructions to which they had been ex- 
posed. The evidence given before the Committee 
was greatly in favor of steam carriages, and tended 
to show that there was no insuperable difficulty to the 
general adoption of them. The Committee accord- 
ingly reported as follows : — 

" Sufficient evidence lias been adduced to convince 
your Committee— 

" 1st. That carriages can be propelled by steam 
on common roads at an avej'age speed of ton miles 
an hour. 
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"2nd. That at that rate they have convcjed up- 
wards fourteen passengere. 

"3rd. That their -weight, including engines, fuel, 
watei', aiid attendants, may be under three tons. 

" 4th. That they can ascend and descend hills of 
considerable elevation, with facility and safety. 

" 5th. That they are perfectly safe for passengere. 

" 6tb. That they are not (or need not be, if properly 
constructed) nuisances to the public. 

"7th. That they will become a speedier and 
cheaper mode of conveyance than can-iagea di-awn by 
horses. 

"8th. That as they admit of greater breadth of 
tire than otlier carriages, and as the roads are not 
acted upon so injuriously as by the feet of horses in 
common draught, such carriages will cause less wear 
of roads than coaches drawn by horses. 

" 9th. That rates of toll have been imposed on 
steam carriages which would prohibit them being 
used on several lines of i-oads, were such charges per- 
mitted to reman unaltered." 

In defiance of this favourable report, experience 
proved that there were defects in that system of loco- 
motion greater than its advocates were disposed to 
admit, and that the mechanism was frecLueutly broken 
or disarranged by the constant jarring caused by the 
roughness of the road. The alarm of iJie horses draw- 
ing other carriages was also calculated to produce 
fearful accidents. 

So far, indeed, as regarded the power of locomo- 
tion, the steam carriages were successful. The autJior 
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was witness of this success during a sliort excur- 
siou in Colonel Maceroni's carriage, wliicli ascended 
hills and ran over rough roads with great ease, and 
at a speed of twelve miles an hour. The practical 
difficulties, however, were so great, that steam car- 
riages have not teen able to compete with horse 
power ; for the original cost of the boiler and engine, 
the necessaiy repairs, and the expense ot fuel, amount- 
ed to more than the cost and keep of horses. The 
plan was practically tried for several weelis, in 1831, 
by running a steam carriage foi hiie fiom Padding- 
ton to the Baulc ot England The caniage, ot -nhich 
the annexed diagram is an onthue, a^ is one of tliose 




constrneted by Mi-. Handcock Tlie engine was 
placed behind the carriage, which 'v.ib capable of 
containing sixteen persons, besides the engmeei and 
guide. 'Hie latter was seated m fiont, ind guided the 
carriage by means of a handle, which turned the 
fore wheels. The eai-riage -was nndei peifect control, 
and could he turned within tlie space of four yards. 
With this carriage, Mr. Haudcock stated he accom- 
phshed one mile np hill at the rate of seventeen miles 
an honr. The carriage loaded very well at faros 
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which would now be considered exorhitant, but the 
frequent neceseity for repairs rendered the enterprise 
nnsuccessfal, and the steam carriage was taken off the 
road. 

The snccesaful establishment of railways, and the 
great advantages arising from them compared with 
the ordinary means of conveyance, still further re- 
duced the chance of establishing Steam Locomotion 
on roads, and the plan is now in abeyance, at least, 
if it has not been abandoned. It ie very possible, 
however, that in the progress of invention, modifica- 
tions may bo made in tho steam engine, to adapt it 
more snccesefully to the purpose ; or more snitable 
motive powers niay be discovered, that may bring 
mechanical locomotion on roads again into favour. 

The snccessful application of Steam Locomotion 
on railways cannot be dated more than thirty years 
ago ; yet in that short period its progress has been so 
i-apid, that but few traces of the old mode of travel- 
ling by stage coaches are now to be seen. 

Some locomotive steam carriages had, indeed, 
been introduced on the Stockton and Darlington coa! 
railway, by Mr. George Stephenson, in ] 825, but their 
results were not so satisfactory as to induce the ex- 
tension of the plan to the other railways that were 
then laid down in the. coal districts of England, The 
cylinders of those engines were vertical, and each of 
the four wheels acted propulsively on the rails by 
means of an endless chain running along cog-wheels 
fixed on the axles. The utmost speed that could bo 
obtained by this means was eight miles an hour; and 
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BO little "were these engines calculated to solve the 
problem of tlie pi'acticability of steavn locomotive en- 
gines, that when the firet passenger railway was pro- 
jected, from Liyerpool to Manchester, it was proposed 
to propel the caniages by the traction of I'opes, 
put in motion by stationary steam engines. The di- 
rectors, before finally determining on the system of 
locomotion to be adopted, offered a premium of £500 
for the best locomotive engine to nin on tliat line. 
Tlie stipulations proposed, and the conditions which 
the required engines were to fulfil, may be regarded 
as a curious exposition of the limited views then taken 
of the capabilities of Steam Locomotion on railways. 
The engine " was to consvime its own smoke ; to be 
capable of drawing three times its own weight at iO 
miles an hour, with a pressure on the boiler not ex- 
ceeding 60 pounds on the square inch; the whole to 
be proved to bear three times its working pressure— 
a pressure guage to be provided ; to Lave two safety- 
valves, one locked up ; the engine and boiler to be 
supported on springs, and rested on six wheels, if the 
weight should exceed 4^ tons ; height to the top of 
the chimney not to exceed 16 feet ; weight, including 
water in boiler, not to exceed 6 tons, or less, if pos- 
sible ; the cost of the engine not to exceed £650." 

An engine, called the " Eocket," constructed by 
Messre. Bootli and Stephenson, was the snceesBfnl 
competitor for the prize. It so far exceeded the re- 
qtdred conditions as to speed, tliat, when unattached 
to any carriages, it ran at the rate of 30 miles an 
hour. The principal cause of its successful action 
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was the introduction of a boiler pe-rforated lengthwise 
by many tubes, through which the heated air of the 
furnace passed to the chimney, and by this means a 
much larger evaporating surface W8S obtained than 
in the boilers previously employed, with a single flue 
passing through the centi-e. The tubes were of cop- 
per, three inches in diameter, one end of each com- 
municating with the chimney, and the other with the 
fui'iiaee. There were twenty-five of these tubes pass- 
ing through tho boiler, and fixed water-tight at each 
end. 

Tho boiler was 3 feet 4 inches in diameter, and 6 
feet long; and it exposed a heating surface of 117 
square feet. There -were two cylinders, placed in a 
diagonaipoaition, with a strobe of 16^ inches, and each 
worked a wheel 4 feet 8| inches diameter, the piston- 
rod being attached externally to spokes of the driving 
wheels. The draught of the chimney, aided by tlie 
escaping steam from the cylinders, which was ad- 
mitted into it, served to keep the fuel in active com- 
bustion. The " Rocket " weighed 4^ tons ; the tender, 
with water and coke, 3 tons 4 cwt. ; and two loaded 
caiTiages attached, 9^ tons; eo that the engine and 
train together weighed about 19 tons. The boiler 
evaporated 114 gallons of water in the hour, and con- 
sumed, in the same time, 317 poimds of coke. The 
average velocity of the train was 14J miles per honr. 

The accompanying woodcuts represent an eleva- 
tion of the " Rocket," and a section of its boiler. In 
these figures, a is the fire-box or furnace, surrounded 
on all sides with water, with the exception of the side 
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perforated for the reception of the tiihes ; 5 is the 
boiler ; (?, one of tlie steam cylinders ; e, the chimney ; 
h and i, safety-valves ; f^ one of the connecting rods 
for communicating motion to the driving wheels. 




Three other engines competed witli the "Eockct," 
two of which had attained great speed on previous 
trials. These were the " Novelty," constructed by 
Messrs. Braithwaite and Ericsson, which weighed 
only 2f tons ; and tlie " Sans Pareil," manufactured 
by Mr. Arkworth, which weighed 4^ tons. On the 
day of ti-ial, the 6th of October, 1829, these two loco- 
motive engines were disabled by the bursting of some 
of their pipes, and thus the field was left clear to the 
"Eocket," for the fourth engine had no chance of 
winning tlie prize. 
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Tlie " Eocliet," indeed, more tliaii fulfilled all the 
conditioii& required hj tlie directors of the railway, 
■who thereupon decided on employing locomotive en- 
gines for the traffic on the line. 

The " Kocket " has formed the model on which 
all snbseq^uent locomotive engines have been con- 
structed ; for, though numerous alterations and im- 
provements have teen mado in details, and though 
the size of the engines has been greatly enlai'ged, the 
principle of construction remains essentially the same. 
Among the improvements that have been introduced 
by different inventors, is an increase in the number, 
of the tubes in the boiler, so as to facilitate the gener- 
ation oi steam, some of tho engines now made having 
npwards of 100 tubes, though of smaller diameter 
than those of the " Rocket." Tho boilers have also 
been elongated, to enlarge the evaporating surface 
and economize fuel. The cylinders are placed 
horizontally, and they are generally fixed inside the 
boiler, to prevent the cooling of tho steam. The pis- 
ton-rods are attached to cranks on the axle, placed at 
right angles to each other ; and the engines are 
generally mounted on six wheels, four of which are 
driving wheels, made of larger size than the two 
others, and they are coupled together by connecting 
arms. The large and poweiful engines on the Great 
Western Railway have, however, only two driving 
wheels, which are 8 feet in diameter. These engines 
weigh as much as 31 tons, which is seven times more 
than the weight of the " Rochet." They are capable 
of taking a passenger train of 120 tons at an average 
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speed of 60 miles an hour on easy gradients ; and the 
effective power, as measured by a dynamoioeter, is 
stated to be equal to 743 horees. 

The accompanying engi-aving of one of the recent- 
I3' coiietracted engines on the Great Western Eailway 
presents a remarkable difference in point of size and 
general arrangement to the original prototype, from 
which, however, it does not materially differ in tlie 
principle of its construction. 




The complete success of tho "Kocket" having 
settled the question of the mode of traction, the Di- 
rectors of the Livei'pool and Manchester Kailway 
made increased efforts to complete the line, and to 
open it for general trafiic. In September, 1830, all 
was ready for the opening, which it was determined 
should take place with a ceremony indicative of tlie 
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injportance of the great event. The principal mem- 
bers of the Government consented to take part in the 
inaugaration of the railway, and the utmost interest 
was excited througlioufc the country for the success of 
an undertaking that promised to bo the commence- 
ment of a new era in travelling. The 15th of Sep- 
tember was the day appointed, and there were eight 
locomotive engines provided to propel the same 
number of trains of carriages, which were to form the 
procession. All along the line there were crowds of 
persons collected to ■witness the ceremony. The trains 
started from the Liverpool end of the railway ; and, 
as they p^sed along, they were greeted by the cheers 
of the aatoQished and delighted epectatore. On ar- 
riving at Parkside, seventeen miles from Liverpool, 
the engines stopped to take in fresh supplies of fuel 
and water. The passengers alighted and walked 
upon the lino, congratulating one another on the de- 
lightful treat they were enjoying, and on the success 
of the great experiment. All hearts were bounding 
with joyons excitement, when a disastrous event oc- 
curred, which threw a deep gloom over tlie scene. 
The Duke of Wellington, Sir Kobert Peel, and Mr. 
Huskisson were among those who were walking on 
the railway, when one of the engines was recklessly 
put in action, and propelled along the line. There 
was a general rush to the cai'riages, and Mr. Huskis- 
son, in ti'jing to enter his carriage, slipped backwai-ds 
and fell upon the rails. The wheels of the engine 
passed over his leg and thigh, and he was so severely 
injured, that he expired in a few hours. 
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Kotwi til standing tliia lamentable occurrence, the 
journey was continued to Manchester, and the car- 
riages returned to Liverpool the same evening. On 
the following morning the regular trains commenced 
running, and they were crowded with passengers, 
notliing daunted \>y the fatal calamity on tlie opening 
day. 

The immense advantages of this mode of travel- 
ling were at once apparent, and lines of railway in 
different parts of the conntry were quickly projected. 
The railway from London to Birmingham was the first 
one commenced after the completion of the Liverpool 
and Manchester line, and a connecting link with Man- 
chester and Liverpool was also begun by a separate 
company. The Birmingham Railway was opened 
thronghout on the 17th September, 1838. 

Railway enterprise was not cheeked by the great 
cost of the undertakings, nor by the miscalculations 
of the cngineere, who, in the first instance, fi'ecjnently 
greatly under-estimated tlie expenditure requisite for 
the cuttings, emhankmenfe and tunnels, which were 
thought necessary to attain as perfect a level as pos- 
sible. The original estimate for the Liverpool and 
Manchester Railway was £300,000, bnt the amount 
expended on the woi'ks at the time of opening was 
nearly £800,000. The original estimate of the Lon- 
don and Birmingham Railway, including the pur- 
chase of land, and the locomotives and caiTiages, was 
£3,-500,000, whilst the actual cost amounted to 
£5,600,000, tlie cost of the works and stations being 
about £38 000 per mile. Tbe Grand Junction Rail- 
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■way, from Birmingham to Liverpool, was more eco- 
nomically conatnicted, because the difficulties to be 
surmounted were not so great, and leas attention was 
paid to maintain a level line. It was estimated to 
cost, including all charges, £13,300 per mile, though 
the actual cost was ^£23,200. 

The plan adopted for laying down and fixing the 
rails on all the railways in England, with the exception 
of the Great Western, is nearly similar to that on 
which the original coal-pit railways were constructed. 
Pieces of timber, called " sleepers," are laid at short 
distances across the road, and on to tliese sleepers are 
fixed cast iron " chairs," into which the rails are 
fastened by wedges, the sleepeva being afterwards 
covered with gravel or other similar material, called 
" ballast," to make the timbers lie solidly, and to keep 
the road dry. 

The railway system of Great Biitain was com- 
menced without sufficient attention to the determina- 
tion of the best width apart of the rails. In forming 
the Liverpool and lltTanchester Eailway, the guage of 
the railways in the collieries was adopted, and the 
width between the rails was made 4 feet 8^ incJies. 
The same width of rails was adopted on the London 
and Birmingham and Grand Junction Railways; and 
as uniformity of guage was essential to enable the 
engines and carriages on one line to travel on another, 
the other railways connected with the grand trunk 
line were made of the same width of guage. Mr. 
Brunei, tlie engineer of the Great "Western Railway, 
departed from that uniformity, and laid down the 
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rails 7 feet apart. The increased ■width of guage pos- 
sesses many advantages, of which greater steadiness 
of motion and greater attainable speed, without risk, 
are the most important; but, at the same time, the 
additional space incurs a greater expense in laying 
out the line. As branches from the Great Western 
Eailway spread into the districts where the narrow 
gnage railways had been laid down, ranch inconve- 
nience has arisen from the break of guage, as it oc- 
casions the necessity for a change of carriages. On 
some railways, to avoid this inconvenience, nan-ow 
and broad gnage rails have been laid down on the 
same line. 

It' tlie railway system of Great Britain were to be 
recommenced, after the experience that has now been 
acq^uired, the medium, gnage would most probably be 
adopted ; and in commencing to lay down railways in 
Ireland, the Insh Railway Commissioners recom- 
mended 6 feet 2 inches as the most desirable width, 
and that standard has been advantageously adopted 
in the sister country. 

Travelling experience tells greatly in favour of the 
broad gauge. There is no railway out of London 
whereon the carriages run so smoothly, and on which 
the passengers are so conveniently accommodated, as 
on the Great Western. The speed attained on that 
railway also eui-passes that on any other. Tlie express 
train runs from London to Bristol, a distance of 120 
miles, in less than three hours. The author accom- 
panied an experimental train, when one of the large 
engines was first put upon the line, and during some 
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portion of the jouroey a rate of 70 miles an hour was 
accoraplialied without any inconvenient oscillation. 

It must be observed, with regard to the action of 
locomotive engines, that as the piston-rods are attached 
directly to cranks on the axle, each piston makes a 
double stroke for every revolution of the di-iving 
wheels ; conseq^uently, when the engine is running at 
great speed, the movement of the piston is so rapid, 
that there is neither time for the free emission of the 
waste steam, nor for the full action of the high-pressure 
steam admitted. There is, therefore, a great waste of 
power occasioned by the admitted steam having to act 
against the steam that is escaping; and an engine, 
calculated to have tlie power of 700 horses, will not 
exert a tractive force nearly equal to that amount. 
"With a driving wheel 6 feet in diameter, a locomotive 
engine will he propelled 18 feet by each double stroke 
of tJie piston, if there be no slipping on the rails ; 
consequently, in the space of a mile, the piston must 
make 300 double strokes. When running, therefore, 
at the speed of 30 miles an honr, the piston makes 150 
double strokes per minute. 

The success of the great experimental railway from 
Manchester to Liverpool not only stimulated similar 
works in this eonntry, undertaken by private enter- 
prise ; but the Continental Governments quickly per- 
ceived the importance of that means of communication, 
and commenced the formation of railways at the 
national cost, and placed them under governmental 
control. Belgium was peculiarly adapted, by the 
general level state of the country, for the formation 
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of railways ; and long before any connected system 
was completed in this country, the chemins de fer 
formed a complete net^work in that kingdom, and 
the system of conducting the traffic was broaglit to a 
much higliei" state of perfection than was attained in 
this country. The rate of travelling, however, was 
slower. 

It is a CLueation that has been often mooted, whether 
it is better to allow the system of commnnication 
throughout tlie country to be conducted by indepen- 
dent companies of enterprising individuals, or to place 
it entirely under the control of the Government. The 
want of system manifested in the formation of the 
railways in England has proved s, senous incon- 
venience, and has occasioned wasteful expenditure, 
besides having led to a fearful dcstrnction of life, owing 
to the want of careful attention to the means of safety, 
and to ill-judged parsimony in tlie management of the 
traffic. There can be no doubt that if the Govern- 
ment had undertaken the work zealously, and with 
the view of establishing a complete system of railway 
commnnication, many of the inconveniences now ex- 
perienced might have been avoided, and tlie railways 
might have been laid down and worked at considerably 
less cost, and wiUi a large addition to the national 
revenue. There is, however, so strong a disinclina- 
tion in this eountiy to the centi-alization of Govern- 
ment power, and to tlie extension of Government in- 
fluence, that the people generally had rather submit 
to considerable inconvenience and expense, than 
tolerate the system of railway management which 
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has been adopted on the Continent. The necessity 
of interference, to protect the interests of the public, 
has nevertheless compelled the Govemment, though 
lato, to adopt measures for conti-oIUng the manage- 
]iient of the railway companies, and stringent regu- 
lations are now imposed with a view to prevent un- 
necessary danger to railway passengers. 

The railway system of Great Britain, though estab- 
lished entirely by private enterprise, represents an 
amount of capital equal to one-third of tiie national 
debt, and nearly 100,000 individuals are directly em- 
ployed in conducting the ta-affic on the various rail- 
ways in this kingdom. An idea of the vastness ^of 
these undertakings, and the important interests in- 
volved in tliera, may be formed from the following 
facts, stated by Mr. Koberfc Stephenson, at the Insti- 
tution of Civil Engineers : — 

" The railways of Great Bntain and Ireland, com- 
pleted at the beginning of 1856, extended 8,054 miles, 
and more than enough of single rails were laid to 
make a belt round the globe. The cost of constructing 
these railways had been £286,000,000. The working 
stock comprised 5,000 locomotive engines and 150,- 
000 carnages and trucks ; and tlie coal consumed an- 
nually by the engines amounted to 2,000,000 tons, so 
that in every minute i tons of coal flashed into steam 
20 tons of water. In 1854 there were 111 millions of 
pa^engere conveyed on railways, each passenger 
travelling an average of 12 miles. The receipts dui-- 
ing 1854 amounted to £20,215,000 ; and there was 
no instance on record in which the receipts of a rail- 
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way liad not been of continuous growth, even where 
portions of tlie traffic had heen absti-acted by new 
lines. The wear and tear of the railways was, at the 
eame time, enormons. For instance, 20,000 tons of 
iron rails required to be annually replaced, and 26 
millions of wooden sleepers perished in the same time. 
To Btipply this number of sleepers, 300,000 trees were 
felled, the growth of which would require little leas 
than 6,000 acres of forest land. The cost of running 
was about fifteen pence per mile, and an average 
train will carry 200 passengei-s. "Without railways, 
the penny post could not have been established, be- 
cause the old mall coaohes would have been unable 
to caiTy the mass of lettere and newspapers that are 
now transmitted. Eveiy Friday night, when the 
weekly papers are published, eight or ten carts are 
required for Post Office bags on the North-Western 
Kailway alone, and would hence require 14 or 15 
mail coaches." 

Adverting to other advantages derived from rail- 
way locomotion, Mr. Stephenson noticed the com- 
parative safety of that mode of travelling. Railway 
accidents occnrred to passengei-s in the first half of 
1854 in the proportion of only one accident to every 
7,194,343 travellcre. As regards the saving of time, 
lie estimated that on eveiy journey, averaging 12 
miles in length, an hour was saved to 111 millions of 
passengere per annam, which was ec[ual to 38,000 
years, reckoning eight working hours per day ; and 
allowing each man an average of Ss, a day for his 
work, the saving of time might be valued at £2,000,- 
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000 a year. There were 90,000 persons employed 
directly, and 40,000 collaterally, on railways; and 
130,000 men, with their families, represent 500,000 
BO tliat 1 in 50 of the entire population of the king- 
dom might be said to be dependent for their subsis- 
tence on railways. 

Every year adds to tlie extent of the railway sys- 
tem, and to tlie increase of the traffic, so that con- 
siderable addition should bo made to the amounts 
stated by Mr. Stephenson to represent the state of 
railway enterprise and railway traffic at the present 
day. Tlte traffic retunis for the week ending the 25th 
of September, 1858, amonnted to £502,720 ; and the 
gross receipts of the railways in 1857 were £24,174,- 
610. The railways now open for traffic in England, 
Scotland, and Ireland extended to upwards of 9,000 
miles, and the lines reported to be in the course of 
constinictiou amount to one-ninth the length of those 
completed. 

In estimating the importance and advantage of 
railway travelling, there mnst not be omitted its 
cheapness and comfort, compared with travelling by 
stage coach. There are some persons, indeed, who 
look back with regret to the old coaching days ; and 
it must be admitted that railways have taken away 
nearly all tlie romance of travelling, and much of the 
exhilarating pleasure that was experienced when 
passing tlirough a beautiful country on the top of a 
well-hoi"Eed coach in fine weather. The many inci- 
dents and adventures that gave variety to tlie journey 
were pleasant enough for a short distance; but two 
days and a night on the top of a coach, exposed to 
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cold and rain, or cramped up inside, with no room to 
stir the body or the legs, was accompanied with an 
amount of suffering which those who have experienced 
it would willingly exchange for a seat, even in a 
third-clasa railway carriage. In a national and in a 
social point of view, also, railways have produced im- 
portant improvements. They tend to equalize the 
value of land througliont the kingdom, hy bringing 
distant sources of supply nearer the points of con- 
eumption ; they have given extraordinai-y stimulus 
to mannfacturing industry; and by connecting all 
parts of the country more closely together, railway 
communication has concentrated the energies of the 
people, and lias thus added materially to their wealth, 
their comforts, and to social intercourse. 

'Not must we, in noticing the grand invention of 
locomotion on railways, omit to mention some of the 
many subsidiary works which have been created 
during its progress towards perfection, and which have 
contributed to its success. Tunnels, of a size never 
before contemplated, have penetrated for miles through 
hard rocks, or through shifting clays and sands ; em- 
bankments and viaducts have been raised and erected, 
on a scale of magnitude that sui-paeses any former 
similar works ; bridges of various novel kinds, invented 
and constructed for the special occasions, carry the 
railways over eti'aits of the sea, through gigantic tubes ; 
across rivers, suspended from rods supported by inge- 
niously devised piers and girders ; and over slanting 
roads, on iron beams or on brick arches built askew. 
As to the locomotive engines, though the principle of 
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construction remains the same, tlie numerous patents 
that have been obtained attest that invention has been 
active in introducing various improvements in the 
details of construction, to faciUtate their working, and 
to increase their power. The various plans that have 
been contrived for improving tlie structure of the 
wheels and axles, for the application of breaks, for 
deadening the efiect of collisions, for mating signals, 
for the forms of the rails, and for the modes of fasten- 
ing them to the road, are far too many to be enumer- 
ated. 

In addition to the innumerable contrivances that 
have been invented for the improvement of the work- 
ing of ordinaiy railways, several distinct systems of 
railway locomotion have been introduced to public 
notice, some of which seemed very feasible, though they 
have nearly aU gradually disappeared. Of these, the 
Atmospheric railway was the most promising, and for 
a time it bid fair to snpersede the use of locomotive 
engines. The propulsion of the caiTiagee, by the 
pressure of the atmosphere acting on an attached piston 
working in a vacuum tube, possessed many theoretical 
advantages, and if it could be applied economically, 
railway travelling would become more pleasant and 
more free from danger than it is. On several lines of 
railway the atmospheric plan was put into operation, 
but owing to the expense of working, it was gradually 
abandoned. The short line from Kingston to Dalky, 
in Ireland, up a steep incline, was favourable to the 
working of the atmospheric railway, and there it con- 
tinued to linger for some time aftor it had been aban- 
doned elsewhere. 
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It is to be regretted that the atmospheric railway 
should have failed in economical working, for it pos- 
sessed greater advantages for general traffic than the 
ordinary locomotiTe railway ti'ains ; and it is probable 
that if the same amount of inventive power and in- 
dustry, which have been bestowed in improving 
locomotive engines, had been directed to overcome 
the difficulties of atmospheric traction, it might have 
proved economically successful. 

The facility of travelling by railway has excited a 
spirit of locomotion before undreamed of. Instead of 
the diminished demand for horses which was appre- 
hended when railways displaced stage coaches, public 
conveyances have increased a hundredfold. We can 
now scarcely conceive the time when there was not 
an omnibus in the etreets of London, yet, scarcely 
more than thirty yeai-s ago, they were unknown, and 
travelling by stage carriages from one part of the 
town to another was prohibited by law! On their 
firet inti'oduction, omnibuses were considered absurd- 
ities, and were ridiculed as " painted hearses." The 
present omnibus traffic in London alone amounts to 
nearly £20,000 per week. 
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Ndmeeous attempts have been made to supei-sede 
steam as a motive power, witli the view to avoid the 
loss of heat by its absorption in the steam in a latent 
state. iMerciiry vapour and spirit vapour have been 
tried, in tlie expectation that as they possess mnch 
leea capacity for heat, an equal pressure might be ob- 
tained, with a diminished loss of heating power. 
Several gaseous agents have been applied to the same 
purpose, of which carbonic acid gas seemed to present 
the best prospect of success, because it becomes ex- 
panded with a comparatively small increase of tem- 
perature, None of these attempts to produce a motive 
power superior to steam have yet proved sncce^ful. 
They have all, after a short season of promise, dropped 
out of notice; and tlie only one that is still in the lield, 
struggling for superiority, is the air engine. 

The first known air engine was invented by Sir 
George Cayley, in 1803. In his engine the air was 
heated by passing directly tlirough the hot coals of the 
furnace, whicli some engineers yet consider to be the 
best mode of expansion ; but its operation did not an- 
swer expectations. Mr. D. Stirling, of Dundee, after- 
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■wards improved on Sir George Cayley's plan, and 
inti'oduced a method of regaining tlie heat from the 
expanded air, after it had done ita work in the cylin- 
der, and of applying it to expand the air again. 
Engines on this consti-nction have been for some years 
■working in Scotland, and in 1860 Mr. Stirling took out 
a patent for an improvement in the arrangement, 
■which is stated to have been very sncceaafnl. 

Though Sir George Cayley and Mr. Stirling were 
the first in the field as inventors of air engines, the 
name of Mr, Ericsson, an American, is more closely 
associated witli tlie invention, as he has for many years 
been conducting experiments on a large scale, and has 
tried his " calorie engine " on land, and on a ship of 
large burthen, built for the purpose. 

Tlie principle and the ■working of Mr. Ericsson's 
calorie engine is nearly the same as Mr. Stirling's ; 
but as it has been brought moat prominently into no- 
tice, 'we shall direct attention more particularly to its 
construction and performances. Mr, Ericsson obtained 
a patent for Lis caloric engine in this countiy in 1833, 
and a subsequent patent for improvements on it was 
taken out in 1861. During those yeare, and to a late 
period, he was indefatigably working out the principle, 
and numerous highly favourable reports have from 
time to time been made of the results of the exper- 
iments ; but the advantages to bo derived from the 
air engine remain nevertheless very questionable. 

The object attempted to be gained is to make the 
same heating power do ita work again and again. 
Atmospheric air, after being expanded by passing over 
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ail extensive hotsuifitcc, exerte the force thus acquired 
to raise the piston of a large cylinder, and it is then 
attempted to abstract the heat as the air issues out, and 
to apply it to the expansion of a further quantity. 

The practicability of this plan has undergone much 
discussion ; its friends and foes being equally confident 
in their opinions. Tlie former pronounce ifc to bo one 
of the most valuable inventions of the age, being cal- 
culated to economize heat, and to give greatly addi- 
tional impulse to navigation ; whilst its opponents 
declare that the calculations are erroneous, the exper- 
iments fallacious, and that the expanded air consumes 
more heating power than steam. 

In one of the favourable notices of Mr. Ericsson's 
enginein an American publication, it is thus described: 
— " Two caloric engines have been constructed in 
New York, one of 5-horse power, the othei' of 60. 
The latter has four cylindei-s ; two of 6 feet diameter, 
placed side by side, surmounted by two of much 
smaller size. Within are pistons, so connected that 
those in the lower and upper cylinders move together. 
A fire is placed under the bottom of the large cylin- 
ders, called the working cylindei's ; those above are 
called the supply cylindere. As the piston in the 
supply cylinder moves down, valves at the top admit 
the air. As they rise, those valves close, and the air 
passes into a receiver and regenerator, where it is heat- 
ed to about 450°, and entering tlie next working 
cylinder, it is further heated by a fire underneath to 
485°. The air is thus expanded to double its volume ; 
and supposing the supply cylinder to be half the size 
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of the Other, the air, when expanded, will completely 
fill tlie larger cylinder. As the area of the piston of 
the smaller cylinder will be only half that of the 
larger, and as the air will be of the same pressure ui 
both, the total pressure on the piston of the large 
cylinder will be double that oa the small one. This 
surplus furnishes the working power of tlie engine. 
After the air in the working cylinder has forced up 
the piston within it, a valve opens ; and as the air 
passes out, the piston descends by gravity, and cold 
air rushes in, and fills the supply cylinder. 

" The most striking feature is the I'egeuerator. It 
is composed of wire net, placed together to a thiek- 
iieas of about 13 inches. The side of the regenerator, 
near the working cylinder, is heated to a high tempe- 
rature. The air passes through it before entering the 
working cylinder, and becomes heated to 450". Tlie 
additional heat of 30° is communicated by the fire 
underneath to the large cylinder. The expanded air 
forces the cylinder upwards, valves open, and it pass- 
es from the cylinder, and again enters the regenera- 
tor. One side of the regenerator is kept cool by the 
air on its entering in the opposite direction at each 
stroke of the piston ; consequently, as the air of tiie 
working cylinder passes out, the wires abstract its 
heat so effectually, that when it leaves the regenera- 
tor, it has been robbed of all except about 30°. In 
other words, as the air passes into the working cylin- 
dej', it gradually receives from the regenerat/ar about 
i50° of heat ; and as it passes out, this is returned to 
the wires, and it is thus used over and over again : 
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the only purpose of the fires beneath the cylinders 
being to supply the 30° of heat -which are lost by 
radiation and expansion. 

" The regenerator in the 60-hor8e engine measures 
26 inches in height and width. Each disc of wire 
composing it contains 676 Buperficial square inches, 
and the net has 10 meshes to tlie inch. Each super- 
ficial inch, therefore, contains 100 meshes, and there 
are 67,600 in each disc ; and as 200 discs are em- 
ployed, the regenerator contains 13,520,000 meshes, 
with an eq^ual nnmber of small spaces between tlie 
discs as there are meshes ; therefore, the air is distrib- 
uted into 27,000,000 of minute cells. The wire in 
each disc is 1,140 feet long ; and tlie total length of 
wire in the regenerator is Hi miles, or equal to the 
surface of four steam boilers, each 40 feet long and 4 
feet diameter." 

The accounts received from America of the great 
success that had attended the working of Mr. 
Ericsson's air engine,on the ship " Ericsson," attract- 
ed much attention in this country, and formed the 
subject of two evenings' discussion in the Institution 
of Civil Engineei'S. The most prevalent opinion was, 
that it is impossible to regain the heating power 
without corresponding loss of mechanical force or the 
addition of lieat, and that there must Lave been some 
fallacy in tlie reports of the work done and of the 
quantity of fuel consumed. 

It is, indeed, evident that nothing approaching 
the amount of heat said to have been recovered could 
be regained by passing through the regenerator ; for 
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ae the apparatus becomes lieated by the first portions 
of air passing through it-, tlie temperature of tlie quan- 
tity that afterwards passed must at least be equal to 
that of the heated wires, and the laet portions of air 
would consecLUently scarcely part with any caloric to 
tlie regenerator, previously heated to nearly its own 
temperature. Experience has since pj-oved that tlie 
notion of regaining the heat by the regenerator was 
fallacious, for in the last improvements in Mr. 
Ericsson's engine, it is stated that the regenerator has 
been abandoned, and the plan has been adopted of 
cooling the air as it issues from the large cylinder, 
hj passing it tlirougli tubes surrounded hy cold 
water, and then Being the same air over again. 

One great practical inconvenience in the use of 
the air engine was the necessity ot having enormously 
large cylinders to attain the required power, with the 
low amount of pressure that can be procured hy the 
expansion of the air. The consequent friction in- 
creased the loss of power, and the diflicnlty of lubri- 
cating the pistons added to the practical objections to 
the air engine. To overcome these objections, the 
air in Mr. Stirling's engine is compressed before it is 
heated, by which means an equal amount of pressure 
is obtained on a smaller piston, 

T!ie air engine would in many respects possess 
advantages over the steam engine, if it conld be 
worked economically. The space occupied by the 
boilers would be saved, and the danger of explosions 
would be avoided;, for hot air does not scald, and the 
quantity at any time expanded would he too small to 
do much injury. 
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A patent has siiiee. been obtained by Messre. 
Napier and Eankiiie, for improvements in the air 
engine, ■wliicli they anticipated would remove the ob- 
jections that have been raised to the engines of Stir- 
ling and Ericsson. The heating surface has been 
greatly increased by employing tubes ; and otlier de- 
fects in the former engines, to which their want of 
complete success is attributed, have been remedied, 
BO that Mr. Eankinc, in his description of the im- 
provements at the meeting of the British Association 
at Liverpool, confidently anticipated to effect a great 
saving of heating power, combined with the other ad- 
vantages of the air engine. Ho estimated the con- 
sumption of fuel by a theoretically perfect air engine 
on Mr. Stirling's principle at O'ST lbs. per horee 
power per hour ; whilst a theoretically perfect steam 
engine would consume 1'86 lbs. The actual average 
consumption of a steam engine is, however, 4 lbs. of 
fuel per horse power per hour, and the actual con- 
sumption of Stirling's engine is stated by Mr. Ran- 
bine to have been 2-20 lbs, and that of Kricsson's 3'80 
lbs. It appears from this statement, therefore, that 
the air engines of Messrs. Stirling and Ericsson are 
superior in point of economy of fuel to steam engines ; 
and if Mr. Kankine's anticipations of the superiority 
of his air engine bo realized, it will effect still greater 
economy. In Messrs. Napier and Ganbine's engine, 
the air is compressed before expansion, so that the 
size of the cylindei"s may be reduced to even smaller 
dimensions than the cylinders of steam engines of 
equal power. 
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The power we now posseaa of fixing tlie transient 
impression of the rajs of ligbt, and of retaining the 
beautiful images of the camera obscura, is perhaps 
the most astonishing of the present age of wonders. 
Effects similar to those of the electric telegraph, of 
steam naTigation, of dissolving views, and of other 
wondrons realizations of inventive genins, had been 
anticipated in growing tales of Eastern I'omance 
centuries ago ; but the most fanciful imagination had 
not conceived the possibility of making Nature her 
own artist, and of producing, in the twinkling of an 
eye, a permanent representation of all the objects 
comprehended within the range of vision. 

Sneh an idea conld scarcely have occurred until 
after the invention of the camera obscnra ; but when 
looking at the beautiful pictures focused on the screen 
of that instrument, it became an object of longing 
desire to fix them there. 

To ti-ace the history of Photogi-aphy from its ear- 
liest beginnings, we must go back to the days of the 
alchemists, who were the discoverers of the influence 
of light in darkening the salts of silver, on which all 
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photographic processes on paper depend. That prop- 
erty of ]igiit was noticed in 1566, and it induced the 
speculative philosophei-s of that day to conceive that 
luminous rays contained a sulphurous principle which 
transmitted the forms of niattei'. Ilomberg, more 
than a century afterwards, misled by this action of 
the sun's rays, supposed that they insinuated them- 
selves into the particles of bodies, and increased their 
weight; and Sir Isaac Newton also entertained a 
simiJar opinion. 

The influence of tlie solar rays in facilitating the 
crystallization of saltpetre and sal ammoniac, was 
shown by Petit in 1722 ; and in 1777, the distin- 
guished chemist Sclieelo discovered that the violet 
rays of the spectrum possess greater power in pro- 
ducing tliose changes than any other. A solution of 
nitrate of silver, then called " the acid of silver," was 
known to be peculiarly susceptible to the action of 
those rays. The experiment by which it was illus- 
trated consisted in pouring the solution on chalk, 
which became blackened by exposure to light. 
These discovei-ies were made by Scheele in his en- 
deavours to find in hght the source of " phlogiston 
— that ignis fatuus of the chemists of the last cei 
tury. We thus perceive, in the fii-st steps towards the 
invention of Photography, one of the many instances 
of the discovery of truth in the search after error. 

At the beginning of tlie present century, Mr. 
Wedgwood, the celebrated porcelain manufacturer, 
undertook a series of experiments to fix the images of 
the camera, assisted by iMr. (afterwards Sir Humphry) 
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Davy. They so far succeeded as to impress the 
images on the screen, but unfortunately" tliey had not 
the power of preserving the paper from being black- 
ened all over when exposed for a short time to the 
light, " H'othing," said Sir Humphry Davy, in his 
account of these experiments, " but a method of pre- 
venting the unshaded parts of the delineation from 
being coloured by exposure to light is wanting to 
render this process as useful as it is elegant." 

It was in June, 1802, that Mr. T. "Wedgwood pub- 
lislied " an account of a method of copying paintings 
on glass, and of making pi'oiiles by the agency of 
light ; with observations by H, Davy," Mr, Wedg- 
wood made nee of white paper or white leatlier, moist- 
ened with a solution of nitrate of^silver. The follow- 
ing description of tlie process, contributed to the 
" Journals of the Eoyal Institution " by Davy, will be 
read with interest, as showing how closely these ex- 
periments approximated to the photogenic process, 
invented by Mr. Talbot thirty-six years afterwards : — 

" White paper or white leather moistened with a 
solution of nitrate of silver undergoes no change in a 
dark place ; bnt on being exposed to daylight, it 
Fpeedily changes colour, and after passing through 
different shades of grey and brown, becomes at length 
nearly black ; the alterations of colour take place 
more speedily in proportion as the light is more in- 
tense. In the direct rays of the sun, two or three 
minutes are sufficient to produce tlio full effect. In 
the shade, several hours are required ; and light ti'ans- 
mitted through different coloured glasses acts on it 
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■with difi'erent degrees of intensity, Tbns it is found 
that red raje, or the common eunheams passed 
through red glass, have very little action on it. Yel- 
low or gi'een are more efficacious ; bat blue' and violet 
light produce the most decided and powerful effocta. 

" When the shadow of any figure is thrown on the 
prepared surfaced, the part concealed by it remains 
white, and the other parts Bpcedily become dark. 
For copying paintings on glass, the solution should bo 
applied on leather, and in this case it is more readily 
acted on tlian when paper is used. When tlie colour 
hae been once Jlxed on leather or paper, it cannot be 
removed by the application of water, or water and 
soap, and it is in a high degi-ee permanent. The 
copy of a painting or a profile, immediately after be- 
ing taken, must be kept in a dark place. It may, 
indeed, be examined in tlie shade, but in this case the 
exposure should only be for a few minutes ; by the 
light of candles or lamps, it is not sensibly affected. 
!No attempts tliat have been made to prevent the un- 
colourcd parts of the copy or profile from being acted 
upon by light, have as yet been successful. They 
have been covered with a coating of fine varnish, but 
this lias not destroyed their susceptibility of becoming 
coloured ; and even after repeated washings, sufficient 
of the active part of the saline matter will still adhere 
to the white pai-ts of the leather or paper, to cause 
them to become dark when exposed to the rays of 
the sun, 

" The woody fibres of leaves, and the wings of in- 
sects, may be pretty accurately copied ; and in this 
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case it is only necessary to cause the direct solar 
light to pass through them, and to reeeive the shadows 
on prepared leather. Images formed by means of 
tlie camera obscura have been found too faint to pro- 
duce, in any moderate time, an effect on nitrate of 
silver. To copy those images was the first object of 
Mr. Wedgwood in his researches on this subject, and 
for this purpose he firet used the nitrate of silver, 
which was mentioned to him by a friend as a sub- 
stance very sensible to the influence of light ; but all 
his nnmeroiis experiments, as to their primary end, 
proved unsuccessful," 

It will be seen, from tlie foregoing account of the 
reSTilta of their experimenfs, that Hr. Wedgwood's 
pi'oeess and tlie early processes of Mr. Talbot were 
nearly alike ; and if he had possessed the means which 
the compound ea!fc hyposulphite of soda afforded to 
subsequent photograpliers, of destroying the sensibility 
of the prepared paper to further impressions of tlie 
rays of light, there can be little doubt that the inven- 
tion would have attained a high degree of perfection 
at the commencement of the present centmy. As it 
was, the failure of Mr. Wedgwood to accomplish tlie 
object he was eo nearly attaining appears to have 
discouraged attempts by otliers, and twenty yeare 
elapsed without any advance having been made to- 
wards its realization. 

M. Niepce, of Chalons on the Saone, who was the 
first to succeedin obtaining permanent representations 
of the images of the camera, commenced experiment- 
ing on the subject in 1814, at least ten yeara before 
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M. DagueiTe directed his attention to Photography. 
In 1826 these two gentlemen became acquainted, and 
conjointly prosecuted the investigations which led to 
the beautiful result of the Daguerreotype. M. Niepco 
having previously sncceeded in obtaining durable 
representations of the pictures focused in the camera, 
he came to this country hi 182T, and exhibited several 
of the results of his process, and communicated to the 
Royal Society an account of hia experiments. These 
photographs, ■which may be considered the first du- 
rable ones tliat had been obtained, were, with one 
exception, taken on plates made of pewter. One of 
the largest was SJ inches long and i inches wide. It 
was taken from a print 2J feet in length, representing 
the ruins of an abbey. "When seen in a proper light, 
the impression appeared very distinct. Another one, 
■which was stated to have been tlie first successful at^ 
tempt, was a view taken from nature, representing a 
court-yard. Its size was V-J inches by 6 inches, bnt it 
was not so distinct as the preceding one. A tliird 
specimen was an impression on paper, jprinted from, 
a photograph on metal, the picture having been etched 
into the plate by nitric acid, and then printed from. 
All these specimens, though extremely curious as the 
first successful attempts to preserve the images of tlie 
camera, were more or less imperfect, and were far 
from presenting the beautiful results of Photography 
now attained. It is remarkable, however, that the 
original process of etching the picture on a metal 
plate, and printing from it, has now, in the perfected 
state nf the art, become the most recent improvement; 
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and the prints from photographic plates present some 
of the most beautiful effects hitherto produced.* 

M. Niepce communicated the particulars of his 
process to M, Daguerre in December, 1829. They 
then entered into an agreement to pursue their inves- 
tigations jointly, but it was not until ten yeara after- 
wards that the invention of the DagueiTeotype by 
M.. Daugerre was made known. To M, Niepce must, 
therefore, be awarded the honour of having first dis- 
covered the means of rendering permanent the tran- 
sient images of the camera obseiira. The plan he 
adopted was to cover a plate of white metal with 
asphalte varnish, and expose it to the action of light 
in a camera, when the parts whereon the light was 
concentrated became hai'dened, and the other parts 
remained unaltered, and could be washed away. 

In M. Niepce's account of the process, after de- 
scribing the preparation of the asphalte varnish, he 
Buys :— " A tablet of plated silver, or well-cleaned and 
warm glass, is to be highly pohshed, on which a thin 
coating of vavnieh is to be applied cold, with a light 
roll of very soft skin. This will impart to it a fine 
vermilion colour, and cover it with a very thin and 
equal coating. The plate is then placed on heated 
iron, which is wrapped round with several folds of 
paper, from which, by this method, all moisture has 
been previously expelled. When the varnish has 
ceased to simmer, the plate is withdrawn from the heat 

* The original pbotographs produced by M. Niepc* are still pre- 
served in good condition, and were last year eshibited at the Royal 
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and left to cool and dry in a gentle temperature, and 
protected from & damp atmoBpbero. The plate, thus 
prepared, may be immediately subjected to the action 
of the lurainooB fluid in the focna of the camera ; but 
even after having been thus exposed a length of time 
sufficient for receiving the impreeeions of external ob- 
jects, nothing is apparent to sliow that these impres- 
sions exist. The forms of the future picture remain 
stiil invisible. The next operation then is to disengage 
the shrouded image, and this is accomplished by a 
solvent." 

The solvent employed was a mixture of one part 
of oil of lavender, and ten parts of oil of petroleum. 
The Bclvent was poured over the plate, and allowed 
to remain. M. Niepce continues : " The operator, 
observing it by reflected light, begins to perceive the 
images of the objects to which it has been exposed 
gradually unfolding their forms, though still veiled by 
the snpeniatant fluid, continually becoming darker 
from saturation with the varnish." 

The time required for the exposure of the plates in 
the camera was six or eight Jioiira. For the purpose 
of darkening the pictures, M. Niepce used iodine, and 
it has been supposed that the use of iodine for that 
purpose snggested the employment of it to his partner. 
The process adopted by M. Daguerre was, to de- 
posit a film of iodine on a highly polished silver plate, 
by exposing the plate to the vapour of iodine in a dark 
box. The prepared plate was then placed in the 
camera, and after an exposure often minutes or more, 
according to the brightness of the day, an impression 
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was made on the iodised silver, but too faint to be 
visible. To bring out the image thus invisibly im- 
pressed, the plate was exposed to the vapour of mer- 
cury, in a closed box. The mercury adhered to the 
parte on which the light had acted, and left the other 
parts of the plate untouched ; and by this means a 
beautiful representation was prodnced, in which the 
deposited mercury represented the lights of the pic- 
ture, and the polished silver the shadows. The iodised 
silver remaining on the plate not acted on by light, 
was washed away by a solution of hyposulphite of 
eoda, and the picture could then be exposed without 
injury. 

Nothing can exceed the delicacy of delineation by 
such a Daguerreotype ; for the fine surface of the 
highly polished silver seems to exhibit the impresaione 
of the smallest objects that emit rays of light. The 
length of time required to produce an impression was, 
however, a serious obstacle to the use of tlie process, 
as originally invented, for taking portraits. Numerous 
attempts were consequently made to obtain a more 
sensitive material. Bromine was tried, in addition to 
iodine, and with such complete success, that a few 
seconds were sufficient to efiect an impression on tlie 
plate, which could be forcibly brought out by the va- 
pour of mercury. 

It was in 1840 that portraits were first taken by 
the Daguerreotype process in this counti-y. In the 
first instance, a concave mirror was employed to con- 
centrate the rays of light on the plate, instead of a 
lens ; and the author has now in iiis possession a 
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portrait taken in this manner, by " Wolcott'a reflecting 
apparatus. " The object of vising a concave mirror 
waa to be able to concentrate a greater number of the 
rays of hglit than could be done by a lens, and thus 
to form a brighter image. At the time that portrait 
was taken, the means had not been discovered of 
making the mercury adhere to the plate, and a feather 
would brush it away. Soon afterwards, however, M. 
Fizeau ingeniously contrived to fix the images on the 
plate by gilding it. This was done by pouring on to 
the plate a few drops of a diluted solution of muriate 
of gold, and holding it horizontally over the flame of 
a spirit lamp ; by which means tlie gold was deposited 
and formed a thin, beautiful film of the metal overtlie 
surface, and thus not only made the picture more du- 
rable, but gave it increased effect. 

The I"i'eneh government, fully appreciating the 
importance of the invention, determined to purchase 
it from the patentee, and to throw it open to the pub- 
lic. An account of the invention was published in 
June, 1839 ; and in tlie following montli an aiTange- 
ment was entered into, to the effect that, in consider- 
ation of M. DagueiTe making the process fully known, 
a pension of 6,000 francs should be granted to him for 
life, and a pension of 4,000 franca to M. Isidore 
Niepce, the nephew of the original inventor of Photo- 
graphy, his uucle having died before the final success 
was attained. 

It was generally supposed at the time, that by the 
grant of those pensions the invention was thrown open 
to the whole world, as represented by the French 
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Minister ; but, nevertlieless, JVI. Dagnorre patented 
the process in other countries, and France alone reaped 
the benefit of a free use of the invention. 

Whilst M. Daguerro was thus successfully working 
out to perfection the plan of producing beautiful na- 
turallj-irapreased pictures on iodised silver surfaces, 
Mr. Fox Talbot was at the same time nearly attaining 
the same results. The following is the account given 
by himself of his reseai'chcs :* — " Having in the year 
183i discovered the principles of Pliotography on 
paper, I some time afterwards made some experiments 
on metal platee ; and in 1838 I discovered a method 
of rendering a silver plate sensitive to light, by ex- 
posing it to iodine vapours. I was at that time, there- 
fore, ti-eadingin the footsteps of M. Daguerre, without 
knowing that he, or indeed any other peraon, was 
pursuing, or had commenced or thought of, the art 
which we now call Photography. But as I was not 
aware of the power of mercurial vapour to bring 
out the latent impressions, I found my plates of io- 
dised silver deficient in sensibility, and therefore con- 
tinued to use in preference my photogenic drawing 
paper. This w^ in 1838. Some time after — in 
August, 1839 — M. DagueiTe published an account of 
hie perfected process, which reached us during the 
meeting of the British Association ; and I took the 
opportunity to lay before the Section the facts which 
I had myself ascertained in Metallic Photography." 

Whilst to M. Daguerre must be awarded tliedion- 

*" Philosophical Magazine, " Februaiy, 1843, 
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our of having first brought to perfection the metliod 
of rendei'ing pernianent the images of the camera on 
metal plates, Mr. Fox Talbot may claim to be the 
first who perfected similar images on paper, -which the 
comparative roughne^ of the surface alone prevented 
from being as delicately, beautiful as the pictures of 
the Daguerreotype, He commenced his experiments 
in Photography in 183 i ; and on the, 31st of January, 
1839, he read a paper before the Boyal Society, enti- 
tled, " Some Account of the Art of Photogenic 
Drawing ; or, a process by which natural objects may 
be made to delineate themselves without the aid of the 
artist's pencil." 

Mr, Talbot had not then encceeded in obtaining 
the impr^aiona of images focused in the camera ; what 
' he had succeeded in doing was to fix upon paper the 
shadows of objects placed upon it, and exposed to the 
light of the sun. The paper was first dipped into a 
solution of common salt, and then wiped dry, to 
difi'use the salt uniformly through the substance of the 
paper. A solution of nitrate of silverwas then spread 
over one surface with a soft brush, and dried carefully 
before a fire in a darkened room. The strength of the 
solution was regulated hy first obtaining a saturated 
solution of the nitrate of silver, and afterwards diluting 
it with six or eight times ita volume of water. The 
objects to be copied, such as leavea, lace, or other flat 
surfaces, were pressed against the prepared paper by 
a glass fixed in a frame, and exposure to light quickly 
darkened all the pai-ts of the paper, excepting those 
shaded by the objects. The image thus impressed 
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was what is termed a " negative, " the dark parts 
■wliich excluded the hght being left white on the 
paper, and the pai'ts through which the light passed 
being darkened. To produce a picture corresponding 
with the natural lights and shades, the process was 
repeated, suhstituting the picture first obtained, on 
thin transpai-ent paper, for the original object, by 
wliich means the lights and shadows were revereed. 

The chloride of silver, formed on the surface of 
the sensitive paper by the combinatidn of the common 
salt and nitrate of silver, being insoluble in water, 
great difficulty was experienced in washing it away, 
BO as to prevent tlie whole surface from afterwards 
darkening on exposure to light. The application of 
hyposulphite of soda, for the purpose of making the 
pictures durable, was suggested by Sir John Herschel, 
and it anewei-e remarkably well, as it dissolves the chlo- 
ride of silver. A solution of ammonia is nearly 
ecLually efficacious in removing the chloride. 

The Calotype process, by which the images of the 
camera can be fixed upon paper, was invented by Mr. 
Talbot, in 1840. It is thus described :^Dissolve 100 
grains of crystallized nitrate of silver in 6 ounces of 
distdied water. Procure some fine WJ-iting paper, and 
wash one side of it with the solution, laid on with a 
soft brush ; then dry the paper cautiously, hy holding 
it at a distance from the fire. When dry, dip the 
paper into a solution of iodide of potassium, containing 
500 grains dissolved in 1 pint of water, and let it re- 
main in the solution two or three minutes. Then dip 
it into a vessel of water; remove the water on the 
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surface by blotting paper, and dry it by a fire, in the 
dark or by candle-ligbt. Tbe paper tlms prepared is 
called "iodised paper;" it is not rery sensitive to 
liglit, and may be kept for some time witliout spoiling. 
Next dissolve 100 grains of crystallized nitrate of sil- 
ver in 2 oancee of distilled vrater; add to the solution 
one-sixth of its volume of ati'ong acetic acid, and call 
that mixture A, Then make a strong sohition of 
crystallized gallic acid in cold water, and let that so- 
lution be called E. Mix equal volumes of A and B 
together in small quantities at a time. That mixture 
Mr. Talbot calls gallo-nitrate of silver, and with it 
wash over the surface of the iodised paper. Allow 
tbe paper to remain half a minute, and then dip it into 
water, and again dry it lightly with blotting paper. 
The paper thus prepared is very sensitive, and will 
receive an impression in the camera in the ehortest 
possible time. The impression is at first invisible, 
but it may, be brought out by laying the paper aside 
in the dark, or by washing it once more in the gallo- 
nitrate of silver, and holding it at a short distance from 
the fire. To fix the picture, the paper is first washed 
in water and lightly dried, and then soaked in a so- 
lution of hyposulphite of soda for a few minutes, by 
which means the iodised silver is removed, and after 
being again washed in water and dried, the process is 
completed. The picture thus produced is a negative 
one, and requires to ■ be transferred in the manner 
before stated. The oi-iginal Calotype may, by that 
means, serve to produce a great number of pictures. 
Mr, Talbot's patent was sealed on the 8th of 
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February, 1841, In his epecification, he claimed the 
use of galiic acid, and he succeeded in enforcing his 
claim in a Court of Law, though it appeared that on 
the loth of April, 1839, photographs of objceta taken 
in the solar microscope in five minutes, by the Eev. 
•i. B. Reade, were shown at the London institution, 
which were described to have been produced by an 
infusion of galls, and fixed with hyposulphite of 
soda. It must be mentioned, however, to Mr. Tal- 
bot's honour, tliat on a representation to him by 
the President of the Koyal Society that the art of 
Photography was impeded in its progress in this 
country by patent monopolies, he generously made a 
present to the public of all his inventions and dis- 
coveries, reserving to himself only the privilege of 
taking portraits. 

The ti'ansfer from one paper to another of the 
picture obtained in the camera, and the compara- 
tive roughness of the surface of the paper itself, 
prevent Calo types from exhibiting that sharpness 
and delicacy of definition which are so admirable in 
a Daguerreotype, Several attempts were therefore 
made to obtain a more smooth surface for the re- 
ception of the image ; but without much success, 
until glass was adopted for the purpose. To make 
that material available, it is necessary to coat it with 
some substance that will absorb the sensitive solu- 
tion. In the first instance, the white of eggs was 
employed with considerable success. Albumen has, 
liowever, been supplanted by collodion— -a solution 
of gun-cotton in ether — which is found to be pe- 
4* 
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culiarly suitable for the reception of the sensitive 
preparation of silver. 

In conducting the collodion process, the collodion 
is first iodised by adding to it iodide of potassium 
and iodide of silver, dissolved in alcohol. The iodised 
collodion is then poured over a plate of glass that 
has been carefully cleaned, and is moved about hori- 
zontally nntil a perfectly uniform film is spread over 
tlie surface, to which it adheres firmly. The plate is 
afterwards dipped into a solution of niti'ate of silver, 
which rendei'8 it so highly sensitive to impressions 
of light, that it will receive an image in less than 
a second. The image is latent, until it is developed 
by pouring over tho plato a mixture of pyro-gallic 
acid in distilled water, acetic acid, and niti'ate of 
silver. The impression is fixed with hyposulphite of 
soda. 

The pictures produced by the collodion process 
are negatives, which serve admirably for transferring 
positive pictures on to sensitive paper. But, if re- 
quired, the negative picture can be readily changed 
into a positive one, by converting the darkened sil- 
ver into white metallic silver, by a mixture of pro- 
tosolphate of iron and pyro-gallic acid. In a shoi-t 
time a white metallic image is obtained, which, when 
relieved by a background of black velvet or black 
varnish, equals in delicacy of finish the most beau- 
tiful Daguerreotypes. 

Many attempts have been made, but hitherto 
without success, to obtain photographs coloured, as 
well as shaded, by nature. The opinions of those 
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who have most stEdied the subject differ as to the 
poBsibiiity of ever attaining that desired object. Sir 
John Herschel has so far shown that it is not impos- 
sible, as to have impressed the colours of the solar 
spectrum on paper, bj the mere action of light ; and 
parts of the images of objects fixed on tlie screen of 
the camera are also sometimes coloured. These facts 
induce ns to hope that in the progress of discovery 
some means may be found of obtaining naturally- 
coloured photographs, notwithstanding it has been 
pronounced, by good authorities, to be an absolute 
impossibility. 

Specimens of coloured photographs were exhibit- 
ed by Mr, Mercer at the recent meeting of the 
British Association, which showed that by the use of 
various chemical preparations that are sensitive to 
light, photographs may be shaded in colonrs. The 
principal re-agente employed were salts of iron, and 
by immei-sing the paper in suitable menstraa, after 
the imago had been impressed in the camera, the 
picture was developed in any colour rec[uire(3 ; the 
same tint being spread over the whole. One pur- 
pose to whicli it was suggested this coloured photo- 
graphic process is applicable, is printing on woven 
fabrics, the action of light serving as a mordant to 
fix the colours. 

Photography has been already applied to various 
uses, and it is capable of being rendered much more 
valuable. To the meteorologist it affords the means 
of registering the rise and fall of the mercury in the 
barometer and thermometer, and, by a self- registering 
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apparatus, the clianges of temperature and of atmoa- 
pheric pressure are marked upon paper that records 
the time at which the changes occur. It may also be 
applied, in the same manner, to register the direc- 
tions of the wind, and the times of its changes. The 
sun impresses his own image upon paper ; and the 
spots on his surface, thus correctly delineated, can 
be compared with those seen in pictures of the sun 
at other times ; and the foundation is laid for more 
correct knowledge of the nature of those appear- 
ances, and of the motion of the sun himself. Photo- 
graphs of the moon and planets present exact repre- 
sentations of those heavenly bodies, as seen through 
the most powerfnl telescope ; and, with tlie assistance 
of the stereoscope, the figure of the moon is shown in 
its true globular form, as it can be seen by no other 
means. It h^ been proposed, indeed, by the aid of 
Photography, to extend our knowledge of the stars 
far beyond the reach of telescopic vision ; for as the 
image focused on the screen of the camera is com- 
posed of rays from every object on the body of a star, 
it might be possible to see those objects by greatly 
magnifying the image. It remains, however, for the 
further progress of discovery and invention, to arrive 
at so delicate adelmeation by photogi'aphic processes, 
as to obtain landscapes of the moon, and portraits of 
tlie inhabitants of Jupiter ! 

One of the latest advances in the art of Photo- 
graphy has been the engraving on steel-plates by Hie 
action of light, by which means more forcible effects 
have been obtained than by the impressions of light 
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upon paper. Mr. Fox Talbot has distinguished him- 
self in thus fixing the images on steel, as he waa the 
first to impress them upon paper. In his method of 
doing 80, he covers the steel plate with a solution of 
isinglass and bichromate of potass, and placing a col- 
lodion negative picture upon it, lie exposes it to the 
action of light. When the picture is aufticiently im- 
pressed, he etches it into the plate by nieaua of bich- 
loride of platinum. M. Niepce, tlie nephew of the 
original inventor of Photography, lias produced the 
same eff'ecfc by reviving the first processes adopted by 
hie uncie ; using, as he did, bitumen, dissolved in es- 
sential oil of lavender, to cover the plates. Two 
other foreign photographers, M, Poitevin and M. 
Pretschi, have also successfully directed their atten- 
tion to engraving the images of the camera, which 
lias now obtained a high degree of perfection. 

It is weU worth notice that these most recent im- 
provements in Photography are but further develop- 
ments of the original designs of JI. Niepce, who not 
only succeeded in etching the pictures impressed by 
the light of the snn on his metal tablets, but made 
use of a glass sui-face, on which the now generally 
i collodion process depends. 
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There arc no optical illusions more extraordinary 
than those shown iti the exhibition of Dissolving 
Views. The effects of the changes in the diorama are 
only such as are seen in nature, the same scene being 
represented under different circumstances, and the 
marvel in that case is that such beautiful and natural 
effects can be produced on tlie same canvas. But 
Dissolving Views set nature at defiance, and exhibit 
metamorphoecs as gi"eat as can be conceived hy the 
■wildest fancy. 

Whilst, for instance, the spectator is looking at the 
interior of a church, he sees the objects gradually 
assuming different appearances. The columns that 
support the vaulted roof begin to fade away, and their 
places are occupied by other forms, which gi-adually 
become better defined and stronger, aud a ti'ee, a 
house, or, it may be, a rock, thrusts the columns oul 
of view, and the roof dims into blue sky, chequered 
with clouds. The original view thus entirely disap- 
pears, aud the scene is changed from the interior of 
a church to open country, or to a rocky valley. This 
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is done, not by changing at once one scene into 
another, but by substituting different individual ob- 
jects, which at first appear like faint shadows, and 
then, becoming more and more vivid, at length alto- 
gether supplant their predecessors on the Held of 
view, and will, in tlieir turn, be extinguished by oth- 
ers. 

It sometimes happens that some strongly marked 
object resiste apparently the efforts made to dispoBsesB 
it, and in the midst of a mountainoas scene will be 
observed the form of a chandelier or of a statue, that 
occupied a distinguished place in the church that has 
just vanished. In a short time, however, these relics 
disappear, and the mountain, the valley, and the lake 
are freed from the incongi-uouB images of the former 
scene. 

These effects are produced in a manner as simple 
as they are extraordinary. All that is requisite is to 
have two magic lanterns fitted on to a stand, with 
their tubes inclined towards each other, so that both 
discs of light may exactly coincide, and form on the 
screen a single disc. If paintings on glass, i epresent- 
ing different views, be then placed in each lantern, 
with the lenses adjusted to bring the rays to a focus 
on the screen, the two images will be so mingled to- 
gether as to present only a confused mixture of coloui-s. 
Suppose one of the views to be the interior of a church, 
and the other to be a mountain scene ; — the pillara of 
the church will be mingled with trees and rocks, and 
in the midst of the confusion there may perhaps be 
discerned a strongly painted chandelier or an altar 
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piece. "When an opaque sliade is placed before tlie 
Ions of either of the lanterns, to prevent the light 
from reaching the screen, the previous confusion be- 
comes instantly clear and distinct, and the church or 
tlie landscape ia seen without any interfering images. 
If the opaque screen be gradually withdrawn from 
one lens, and at the same time drawn in an equal de- 
gree over the other, the different objects will again 
be mingled, and those in the one scene ■will predomi- 
nate over those in the other in proportion to the rela- 




tive quantities of light permitted to issue from each 
lantern to the screen. The two iirst of the accom- 
panying drawings are thus blended together in the 
third, when the screen is half withdrawn from each. 
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It is usual to fix the opaque shade, which, alter- 
nately covers and exposes the two magic lanterns, on 
to a central pin, so that it may be moved vertically 
tip or down. The shade is so arranged, that in rais- 
ing the end to cover the lens of one lantern, the far- 
ther end descends, and expoeea, in an ecLiial degree, 
the other lens. During the time that either of the 
views is altogether concealed, the painting is changed ; 
and in this manner an unlimited number of metamoi'- 
phoses may he effected. 

It requires no expensive apparatus to show the 
effect of Dissolving Views on a small scale. Two 
common magic lanterns are quite sufficient for the 
purpose of private exhibition, and the angle at which 
they should be fixed on their stand may be readily 
ascertained after a few trials. To mal'ce the trans- 
formation more extraordinary, a man's face may be 
painted on one glass and a landscape on the other ; 
and, when the change is made from the face to the 
landscape, a sti-ongly painted eye or nose may be seen 
occupying the centre of the view, long after the other 
features have disappeared, until all the rays of light 
from that painting have been excluded. The change 
from youth to ago, from beauty to ugliness, may also 
be shown with striking effect. 

It will be observed that the principle, on which 
the metamorphoses of Dissolving Views depend, is 
similar to that which produces the variations in the 
diorama. In both cases there are two paintings on 
the same space, either of which may be shown at 
pleasure by different dispositions of tlie light ; the 
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chief difference between them being that the I 
ing Views are seen altogetlier by reflected light, 
whilst in tlie diorama the paintings at the back and 
fi-ont are shown alternately by reflected and by trans- 
mitted light. 
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No invention, on being first brought out, created 
BO general a sensation as tlie Kaleidoscope. Every 
person, wlio could buy or make oue, liad a Kaleido- 
scope. Men, women, and children — rich and poor ; 
in houses or walking in the sti'eete ; in carriages, or 
on coaches — wore to be seen looking into the wonder- 
working tube, admiring the beautiful patterns it pro- 
duced, and the magical changes which the least 
movement of tiie glass occasioned. 

It was in the year ISii that Sir David Brewster 
discovered the principle on which the effects of the 
Kaleidoscope depend, whilst he was engaged in ex- 
periments on the polarization of light by successive 
reflections between plates of glass. The reflectors 
were in some cases inclined to each other, and he 
remarked the cii'cular arrangement of the images of a 
candle round a centre. In afterwards repeating the 
experiments of M. Eiot on the action of fluids on 
light, he placed the fluids in a trough formed by two 
plates of glass cemented together at an angle. The 
eye being placed at one end, some of the cement 
which pressed through between the plates appeared to 
1 a circular figure. The symmetry of 
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this figure being very remarkable, Sir David Brewster 
undertooli: to investigate tlie cause of the phenomenon, 
and the result of his investigations was the invention 
of the insti'ument to which he gave the name of 
Kaleidoscope, from the Greek words koKo?, beaatiful, 
€(So5, a form, and o-KOTrew, to see. * 

The Kaleidoscope in its simplest form consists of 
two equal strips of plate glass, about 8 inches long 
and 2 inches wide, silvered on one side, to act as re- 
flectors. These glasses are placed one over the other 
exactly, and then the edges on one side being 
separated, whilst the two other edges are kept close 
tegether, they are fixed by means of separating pieces 
of wood and string at the angle req^uired. Tlie glasses 
are then fitted into a metal tube, which has an eye- 
hole at one end, and at the other end of the tube there 
is fixed a small cell of ground glass, to contain pieces 
of differently stained glass or other objects, that are 
to he multiplied by reflections into beautiful 
symmetrical figures. In the better kind of Kaleido- 
scopes, the cell containing the objects may be turned 
round, by which means the pieces of glass shift their 
positions, and the figures instantly change. The same 
effect is produced, though in a less agreeable manner, 
in the common bind of insb'uments, by turning the 
tube. 

To form by the combined reflections from the two 
glasses a perfectly symmetrical figure, the sector com- 
prised between the inclined sides of the glasses may 
consist of any even aliquot part of a circle. In 

* Brewster's Encyclopiedia, article " Kaleidoscope." 
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the accompanying diagram, the ends of the flat 
silvered glasses a c, 
1) G, are inclined at an 
angle of 60 degrees ; 
tlierefore the circle 
is completed by the 
junction of six sec- 
tors. In such a Ka- 
leidoscope, the circu- 
lar figure will be 
formed by three re- 
flections from each 

^-- --' gla«s 

To make the formation ot the circular figure 
by repeated reflections more intelligible, we will 
consider it as composed of the smallest possible 
number of equal di- 
visions, as in the 
second diagram, in 
which tbe circle is 
divided into quad- 
rants. In such an 
an'angemeiit of the 
reflectors, the figure 
I on looking 
through the central 
aperture will consist 
of four parts. In the 
first place, the objects included in the space ate, 
between tlie inclined glasses, will be seen directly by 
rays of light from the objects themselves ; viz., the 
small cross d, and the triangle e. The same field of 
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view will be reflected from both miiTors, by which 
refiection the cross on one side will seem to be 
doubled, and tlie triangle on the other will have 
another similar one added to it, to mate a complete 
rhomb. The cross will also be reflected by the mirror 
on the right side, and the triangle by the one on the 
left. The images of the objects contained within the 
space ab e, being thus presented by reflection on both 
sides, they become the objects for further reflections 
from parts of the min-ors still nearer the spectator. 
Thus the images d^ on both sides are reflected to form 
the single image d," and the images e' are in the same 
manner reflected to form the second image e'. 

When the angle formed by the inclination of the 
mirrors divides the circle into a greater number of 
sectors, tlie reflections of the images ai'e repeated, 
from points nearer and nearer to the eye, and tlie 
circle is thus completed, however numerous the sec- 
tors may be ; but at each repetition of the reflection, 
the images will become more dim, since, owing to 
tlie imperfection of reflecting surfaces, a portion of 
the light is absorbed at each reflection. 

In the first instruments that were constructed, the 
objects were flxed in the fleld of view, therefore 
scarcely any change of pattern was obtainable. It 
was not until some time afterwards that the idea oc- 
curred to Sir David Brewster of producing endless 
changes of tlie figures, by making the objects mova- 
ble in a cell of glass at the end of the instrument. 
He afterwards inti'oduced other improvements in the 
Kaleidoscope, for extending its range of objects, for 
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varying the angles of inclination, and for projecting 
tie figures on a screen. In the instrument, as ordi- 
narily made, the objects to be seen properly must be 
placed close to the end of the reflectors ; but by the 
addition to the ineti'ument of a tube containing a lens, 
the rays from distant objecte are brought to a focus 
near the mirrors, and the image formed there is re- 
peated by the reflectors in the same manner as a solid 
object. 

The projection of the figures on a screen, by an 
apparatus similar to a magic lantern, gives gi-eat ad- 
ditional pleasure to the effects of the Kaleidoscope, as 
the figures are not only seen by several persons at the 
Bame time, but they are presented in a magnified 
form. The projection of the iigures also increases the 
use of the instrument in designing patterns, for which 
purpose it Las been employed with great advantage. 

A patent for the Kaleidoscope was taken out in 
1817, bnt the high prices charged by the opticians 
who were authorized by the inventor to sell the in- 
strument, and the facility with which it could be 
made, occasioned a general violation of tlic patent 
right, and it was not long before the claim of Sir 
David Brewster, as the original inventor, was disput- 
ed. In the indignant vindication of his claim, he 
observer : — " There never was a popular invention 
which the labours of envious individuals did not at- 
tempt to ti"ace to some remote period ;" and the 
Kaleidoscope was not an exception. It was found 
that Kircher had described the effects of repeated 
reflections as far back as 1630 ; and that Mr. Bradley 
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had, in 1717, made a philosophical toy, consisting of 
two small mirrors, that opened like a hook, which, 
when partially opened, repeated the reflections of 
objects placed near it in the sa.me manner as the 
Kaleidoscope. But this instrument was so different 
in its construction, and in the effecte it produced, 
from the Kaleidoscope, tliat Sir David Brewster's 
claim to he the inventor may be freely admitted. 
The fact that it took the world by surprise, and crea^ 
ted a sensation gi-eater than any other invention had 
done before, is sufficient to establish its title as an 
oris'inal invention. 
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Thbes are eeveral ways of illuBtrating the reten- 
tion by the retina of the eye of the images of objects 
after tbey have been withdrawn from eight, but none 
is so curious as the philosophical toy called, the Magic 
Disc, which, from the optical principles involved in 
its extraordinary effects, deserves to be noticed as one 
of the remarkable inyentions of t!ie present century. 

One of the moat striking methods of exhibiting the 
retentive property of the retina, before the invention 
of the Magic Disc, was topaint different objects at the 
back and on the front of a card, and by then giving 
rapid rotation to the card, both objects were seen 
together. Tims, when the figure of a bird is painted 
on one side, and an empty cage on the other, by rap- 
idly turning the card, the bird appears to be in the 
cage. In the Magic Disc the objects are painted on 
the same side of a circular piece of card-board, and 
both are exposed to view during their rapid rotation. 

The disc is divided into eight or ten eompai'tments, 
in each one of which the same figures are repeated, 
though the positions of one or more of them are 
changed, A favourite subject represented is a clown 
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leaping over the back of a pantaloon, -wliich affords 
a Bimple iUustration of the apparent relative move- 
roents of two hodiea, and will serve to explain how 
the effect is produced. 

The iijBtrument consists of adisc of stiff card-board, 
about nine inches diameter, monnted on a horizontal 
pivot in the centre, on which it may be freely turoed. 
Between each of the compartments of the disc there 
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is an elongated aperture, about one inch long and a 
quarter of an inch wide, for the eye to look through. 
Suppose the disc to be divided into eight compart- 
ments, by radial lines. In the compartment No. 1, 
the pantaloon is represented in a stooping posture. 
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and the clown is on the ground ready to make a spring. 
In Ko. 2 the pantaloon ia in the same attitnde, but 
the clown has commenced his leap, and is raised a 
little way from the ground. In the third division he 
is shown still higher in the air ; and in the fourth he 
is mounted above the shouldere of pantaloon, who re- 
tains the same posture as at first. The fifth compart- 
ment represents the clown as having jumped over 
pantaloon's head, and comin;;; down to the ground ; 
and in each succeeding division liis farther descent ie 
ehown, till, in No. 8, he has reached the ground again, 
and is ready to recommence the leap. 

When the disc is turned rapidly round on its 
pivot, the figures painted upon it ai'e mingled together, 
and present a confused medley of lines and coloui-s, 
in which no object can be distinctly defined. Tliis 
mingling of the objects is caused hy the retention of 
the images hy the retina, so that if the eye be directed 
to any point, the impression of the lines and coloure 
that pass rapidly before it is not efiaced before another 
and another appear to produce fresh impressions, and 
they mingle together in confusion. If, for instance, 
there were a circle formed of dots marked on the disc, 
the impression of each dot on the retina wonld he 
prolonged ; and as, by the rotation, other dots would 
come into the field of view before tlie impression of 
the first was removed, it would form an unbroken 
ring. But if the disc were screened from sight, at in- 
tervals of nearly equal duration to that of the con- 
tinuous impression, so as to efface the image of one 
dot before the rays of another wore admitted to the 
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eye, then the ring would be seen to be composed of 
dote, as distinctly as when tlie disc was stationary. 

The effect of screening the objects from the eye at 
short intervals ie produced by looking with one eye 
through the openings at the image of the disc, reflected 
from a mirror. The figures are then seen only w^hen 
the apertures come opposite the eye ; but as the im- 
pi'ession of one view remains till it is renewed by the 
light admitted through the next aperture, there is con- 
tinuous vision of the objects painted on the disc. 

It is thus that the figures of pantaloon and clown 
become visible, and their apparent relative movements 
are occasioned. For instance ; each time that the im- 
pression of the figure of th© pantaloon is rcno^ved, he 
is seen in the same place and in the same attitude ; 
therefore he appears to be stationary, though the 
successive pictures that compose his figure to the eye 
ai'c in rapid TOtaiy motion. The figure of the clown, 
however, is seen in a different position each time 
that he comes into view, therefore he appeal^ to be in 
motion relatively to pantaloon, though stationary as 
regards his absolute position on the disc. 

The same effect would be produced if the disc, 
during its rotation, were seen by successive electi'ic 
sparks. The electric spark is eo momentary in its 
duration, that the most rapidly moving objects appear 
stationary ; therefore each spark would show a seeming- 
ly stationary disc, on which the figure of the clown 
would appeal- in different relative positions ; and the 
illusion would be as perfect as when the rays of light 
are interrupted at intervals. 
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The electric spark ia soinstantaneousthat acannon 
ball might be seen in its i-apid iliglit, if illnminated by 
a flash of lightning, and wonld eeem to be etationaiy. 
Professor Faraday mentioned, in one of liia lectures, 
the extraordinary appearance which a man, who was 
jnmping over a stile, presented when seen by lightning 
on a dark night. The man seemed to be resting 
horizontally in the air, with one hand touching the 
stile. 

The dnration of the impression of an object on the 
retina is capable of illustration by means of the Magic 
Disc in a great variety of designs, each one of which 
may represent many movements. The turning of the 
wheels of machinery, tlie tossing of balls, the dancing 
figures of men and women may thus be shown, the 
designs for which afford ample scope for exercising 
the pencil of an ingenious artist. 
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Those who are old enough to remember the 
Eegent's Park bel'ore there were any houses north- 
wai-d of the New Eoad, may recollect that among the 
fii-at buildings erected, on what is now called Park 
Square, was a strange-looking, partly semi-circular 
erection, provided with ample lighting space, which 
attracted great attention during its progress, and was 
the cause of much specnlation as to its probable pur- 
pose. That building was intended for the exhibition 
of the Diorama. 

M. Dagnen-e, the inventor of the Daguerreotype, 
had, in conjunction with M. Bouton, a short time pre- 
viously opened a similar exhibition in Paris, where 
the beauty of the paintings, aided by the extraordinary 
effects of newly contrived dispositions of the light, had 
excited a great sensation. The Diorama was opened 
in London on the 6th of October, 1823, and for a long 
time it was equally popular in this metropDlis. 

The visitors, after passing through a gloomy ante- 
room, were ushered into a circular chamber, apparent- 
ly quite dark. One or two small shrouded lamps 
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placed on the floor served dimly to light the way to a 
few descending steps, and the voice of an invisible 
guide gave directions to walk forward. The eye soon 
became sufficiently accustomed to the darkness t^ 
distinguiah the objects around, and to perceive that 
there were seyeral persons seated on benches opposite 
an open space, resembling a large window. Through 
the window waa seen the interior of a cathedral, 
undergoing partial repair, with the figures of two or 
three workmen resting from their labour. The pillars, 
the arches, the stone floor and steps, stained with 
damp, and the planks of wood strewn on the ground, 
all seemed to stand out in bold relief, so solidly as not 
to admit a donbt of their substantiality. Whilst the floor 
extended to the distant pillars, temptingly inviting 
the tread of exploring footsteps. Few could be per- 
suaded that wliat they saw was a mere painting on 
a iiat "surface. This impre^ion was strengthened 
by perceiving the light and shadows change, as if 
clouds were passing over the sun, the rays of which 
occasionally shone through the painted windows, 
casting coloured shadows on the floor. Then shortly 
the brightness would disappear, and the former gloom 
again obscure the objects that had been momentarily 
illuminated. The illusion was rendered more perfect 
by the excellence of the painting, and by the sensitive 
condition of the eye in the darkness of the surrounding 
chamber. "Whilst gazing in wrapt admiration at the 
architectural beauties of the cathedral, the spectator's 
attention was disturbed by sounds underground. He 
became conscious that the scene before him was slowly 
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moving away, and he obtained a glimpse of another 
and very different prospect, which gradually advanced 
until it was completely developed, and the cathedral 
had disappeared. What he now saw was a valley, 
surrounded by high mountains capped with enow. 
This mountain valley seemed scarcely less real than 
the arched roof and colnmne of tho cathedral, whilst 
a foandng cascade, dashing down the rocks, and the 
sound of rushing waters, added to the illusion. After 
looking for some time at this beautiful valley, the 
clouds wore seen to gather on the mountain tops, and 
a storm impended, A gleam of eun-light, still resting 
on the edge of the clouds, exhibited a strange contrast 
between the silvery brightness and the dense black 
vapour that shrouded the hills, and could almost be 
felt. It was but a passing thimderetorm. Presently 
the dai-k clouds rose from the valley, and dispersed ; 
the sun again shone on cottage, vineyard, and moun- 
tain, charming tlie spectator as mncli by the beauty 
of the scene as he was astonished by the wondeiful 
change. 

Such was the Diorama as it was firet exhibited in 
London to admiring crowds. In subsequent years 
gi'eater changes were made in the variations of light 
and shade ; and by the introduction of mechanical 
contrivances, with more or less success, the magical 
effects were increased, without, however, adding to 
the apparent reality of the objects. A church or 
cathedral was always the subject of one view, and 
sometimes of both. Tlie interior of an empty church 
would be shown by evening twilight. The shades of 
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evening gradually darkened into tbe obscurity of 
night, and then the glimmer of candles would be seen 
spreading more and more widely, until the church 
wae lighted up, and it waa occupied by a crowded 
congregation at midnight maae. Some views repre- 
sented the exterior of a ruin or of a catliedral after 
sunset, and as night advanced, the stars twinkled in 
tlie bine eky, and the moon rose and threw its silvery 
light on water, buildings, and clouds, contrasting in 
some cases with the red glare of lamps from the win- 
dows of houses and shops. The disc of the moon 
exactly resembled that of the real luminary, and all 
ai'ound being so dark, the rays from its surface cast 
shadows of intervening objects. In one picture a 
still more astonishing appearance was produced, by 
tbe change of the interior of a beautifully painted 
and decorated church into a mass of charred ruins. 

The means principally adopted for the production 
of these magical changes in a painting on a flat sur- 
face, and for giving such seeming reality to the ob- 
jects ]'epre3ented, were for some time kept secret ; 
nor do we think they are even yet much known. As 
in many other clever inventions, the effects are pro- 
duced in a very simple manner. The picture is 
painted on both sides of a transparent screen, and the 
change of scene is occasioned almost entirely by 
exhibiting the pictnre at one time by reflected light, 
from the surface nearest the spectator^ and aftei'wards 
by transmitted light, after excluding the light from 
the front. 

Let us take for illustration the interior of a church, 
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at iii'st seen empty, and afterwards filled with people, 
and illuminated by candles. The empty church is 
painted on the front on fine canvas or silk, in trans- 
parent coloii]-B, and at the hack ai-e the figures and 
candles, and other objects intended to appeal' with 
them. The arrangements for illuminating the pictnre 
ai-e so contrived, that the light may be thrown entire- 
ly on the front or on the back, or partly on both. 
When the light is on the front, the empty church 
only is visible. It ie then gradually darkened, and 
the back of the picture is illuminated, by which means 
the figures and candles ai'e seen ; and the form of the 
building being preserved, the same church, which 
was before empty, becomes occupied by a crowded 
congregation. 

It may be mentioned, as an illustration of the per- 
fect illusion of the Diorama, that a lady who on one 
occasion accompanied the author to the exhibition, 
was so folly convinced that the church represented 
was real, that she asked to be conducted down the 
steps to walk in the building. 

The effect of changing the direction of the light 
may be readily perceived by making a drawing on 
both aides of a sheet of paper, as shown in the annexed 
engraving. The side backing this page represents 
the interior of St. Paul's Cathedral when empty, 
and on the back sevei'al figures are drawn. Those 
figures are invisible nntil the leaf is held up against 
the light, and when the drawing is seen as a trans- 
parency, the objects on the back, as well as those in 
front, come into view, and the bnilding appears to be 
occupied. 
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Any one who has a taste for drawing, and a little 
ingenuity, may thus produce many pleaeing and as- 
; effects. It -will be desirable to procure, in 



the first instance, a box, so contrived that it will hold 
the painting, and afford the means of throwing the 
light on the front or on the back at pleasure. The 
diagram shows the t'onn of such a box. The letters 
a, h, d, d mark the outside ; the aperture, at c d-, being 
enlarged to permit several persons to look into it at 
the same time. The box may be of any required 
dimensions, to suit the size of the drawing, which is 
to be fitted into a groove at a l>, and the interior must 
be blackened. The lid, e, when open, as in the dia- 
gram, admits the light to the front of the picture, the 
back being covered with an opacLue screen. As tlie 
lid is closed, the picture becomes darkened, and by 
the gradual removal of the screen at the same time, 
it is changed into a transpai'ency. .Tliis portable 
Diorama can be most conveniently shown by lamp- 
light, the flame of an argand lamp, the wick of which 
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can be heightened and lowered, being best adapted 
for the purpose. The effect by da_ylight is, however, 
superior, but the room must then be darkened, and 
the admission of light confined to the picture. 

The moving water, and the motion of smoke and 
clouds, whicli were fi-equently introdnced in the Dio- 
rama, were mechanical additions, the effects being 
produced by giving motion to bodies behind, the 
forms of which were seen by transmitted light. The 
introduction of ench mechanical aids, however, de- 
tract from the artistic character of the Diorama, the 
principal merit of which consists in exhibiting the 
changes occasioned by variations in the mode of throw- 
ing the light on the two-faced picture. 

It is to be regretted that exhibitions of a larger 
and more showy kind shonld have superseded the 
Diorama in public estimation ; and that, from the 
want of support, their charming and marvellous picto- 
rial representations, which formed, in days gone by, 
one of the principal " sights " of London, should be 
now closed. 
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One of the most beautiful as well aa the most 
remarkable pietonal illusions is produced by the com- 
bination of two views into one by the recently invent- 
ed instrument called the Stereoscope. In the Diorama, 
in the Magic Disc, and In the Dissolving Tiews, sep- 
arate paiiitingB combine to produce different effects ; 
but in the Stereoscope tiie two pictures unite into one 
to give additional effect to tlie same view, and to make 
that which is a flat surface, when seen singly, appear 
to project like a solid body. 

The principle of the Stereoecopa depends on the 
different appeai-ance which near objects present when 
seen by the right or by the left eye. For instance, 
on looking at a book placed edgewise, with the right 
eye, the back and one side of the book will be per- 
ceived ; and on closing the riglit eye and opening the 
left, the back and the other side of the book will be 
seen, and the right-hand side will be invisible. It is 
the combination of both these views by vision with 
two eyes that produces the impression of solidity of 
objects on the mind ; and if the different appearances 
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which the book presents to each eye be copied in 
separate di-awings, and they can afterwarde be placed 
in euch a position as to t'orm a united image on the 
retinae of the eyes, tlie same effect is produced as if 
the hook itself were looked upon. 

This diagi-am represents the ontlines of a near ob- 



^ 



JL'ct, as seen by each eye separately. The one on the 
right hand shows it as seen with the right eye, and 
the other as it looks with the left eye ; and if both 
drawing be combined into one image, it stands ont in 
bold relief. This may be done without any instrument, 
by sqninting afc them ; but the effect is more readily 
and far more agreeably produced by the Stereoscope, 
so named from the Greek words crre/jo?, solid, and 
a-KOTreo), to see. 

Professor "Wheatstone claims to be the first who 
conti-ived an instrument to illnstrate this effect of 
biiioculai' vision, and he also claims to be the first 
who brought to notice the different appearances of 
objects seen with each eye separately. Sir David 
Brewster, however, disputes, on behalf of Mr, Elliot, 
of Edinburgh, Professor "Wheats tone's claim to the in- 
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veiition of tlie first stereoscopic inBtrninent ; and bs 
has shown that the difference of vision with each eye 
was remarked by Galen, 1,700 years ago ; that it was 
noticed hy Leonardo da Vinci in 1500, and formed 
tlie Bubjeet of a ti'eatise by a Jesuit, named Fi'ancis 
.AqniloniuB, in 1613 ; and that it was a well-known phe- 
nomenon of vision long before it was mentioned by 
Professor Wheatstone.* Mr. Elliot, though he con- 
ceived the idea, in 1834, of constructing an insti-ument 
for uniting two dissimilar pictures, did not carry it 
into effect until 1839, the year after Mr. Wheat- 
stone had exhibited his reflecting Stereoscope to the 
Eoyal Society, and at the meeting of the British As- 
sociation. 

Mr. Elliot's contrivance, to which Sir David Brews- 
ter is inclined to give precedence in point of date, 
was very inferior in its effects to the reflecting Stereo- 
scope. It was without lenses or mirrors, and consisted 
of a wooden box 18 inches long, T inches broad, and 
44 deep, and at the end of it was placed the dissimilar 
pictures, as seen by each eye, that were to be united 
into one. The view he drew for the purpose com- 
prised the moon, a cross, and the stump of a tree, at 
different distances ; and when looked at in the box, 
the cross and the stump of the tree appeared to stand 
out in relief. 

The accompanying woodcut represents the original 
stereoscopic pictures, copied from Sir David Brewster's 
book ; and by looking towards the picture on the left 

* " The Stereoscope: its History, Theory, and Construotioc," by 
Sir Dacid Brewster. 
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with the right eye, and on the right-hand picture with 
the left eye, the two will he seen united, and the 
cross and the stump of the tree will appear to stand 
out solidly. 




Tiie arrangement of the apparatus, as deeci-ibed 
by Professor Wheatstone, in his paper read before the 
Koyal Society, consists of two plane mirrors, about 
4 inches square, placed at right angles ; and the draw- 
ings, made on separate pieces of paper, were reflected 
to the eyes looking into the mirrore at their junction. 
The diagram is a sketch of thie arrangement. In the 



middle of a narrow slip of wood, d e, about 13 inches 
long, the two mirrors, a 6, are fixed, inclined at the 
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required angle from their Jine of junction at c. Up- 
right pieces of wood, d h, ef, at each end, ai-e fur- 
niehed with slides or clips to hold the drawinga, which 
are reflected from the inclined mirrors, and seen in 
tliem by each eye separately. Thus, the left eye sees 
only the picture fixed on d h, and the right eye sees 
the one placed at ef ; and the two images, being com- 
bined at the seat of vision, produce the same impres- 
sion as a solid body. 

It is almost unnecessary to describe the external 
appearance of the lenticular instrnment invented by 
Sir David Brewster, and explained by him at the 
meeting of the British Association in 1849. In the 
best kind of instruments the glasses, through wliioh 
the pictures are seen, are composed of a single large 
double-convex lens, divided in the middle, tlie thin 
edges being set towards each other, about 2i^ inches 
apai-t. The more improved instruments, indeed, are 
made from lenses upwards of 3 inches in diameter, 
which, being cut into two, and the thin parte being 
gi'ound flat, are Bet edge to edge, and from an aper- 
ture sufficiently large for both eyes to look through. 
By this means the instrument suits all eyes, without 
rec[uiring adjustment, and the field of view is in- 
creased. A diaphragm, or partition, placed at the 
junction of the two lenses, confines the vision of each 
eye to its appropriated picture, and thus tends to 
prevent the confusion of images that might otherwise 
arise. 

The object of using semi-louses is to facilitate the 
union of the two pictm-es into one, by looking through 
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the lenB towarde its edge, instead of through the 
centi'e, the image being thus refracted to a different 
poeition. This may be easily exemplified by looking 
at an object steadily through different parts of the 
same lens. After looking at it with the right eye 
through the centre, and whilst ieepiiig the axis of the 
eye in the same direction, move the lens slowly to- 
wai'ds the right, so as to bring the edge of the lens 
opposite the pupil. This movement of the lens to- 
wards the right hand will be accompanied by an ap- 
parent movement of the image towards the left, so as 
to bring it to a point between the two eyes. If the 
experiment be repeated with the left eye, the image 
will be removed towards the right hand ; and tliua, 
by looking at the two stereoscopic pictures through 
the thin parts of two lenses, the images are superposed 
and forai a single one. 

Sir David Brewster attached much importance to 
the semi-lenses, which have the effect of prisms in 
refracting the rays of light ; but that forai of lens is 
not essential to give apparent solidity to the images; 
and many of the commoner kind of instruments are 
now made with ordinary double- convex lenses, and 
without any partition. With the semi-lens, however, 
tliere is lees difficulty in uniting the two pictures into 
one. than when an ordinary lens is employed. 

In taking photographic pictures for the Stereoscope 
with a single camera, it is necessary to alter the angle 
of the instrument after having taken one picture, to 
direct it to the same object in the angle of vision as 
seen by the other eye. This method of producing 
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Btereoscopic pictures with the same camera is very 
objectionable when any moving objects are in the 
field ; for they will be in a different poeitioa in each, 
and sometimes disappear altogether from the second 
picture. The plan adopted by the best photographers 
18 to have two cameras set at the rec[uisite angle to 
each other, so that both pictures or porti-aita may be 
taken at the same time. 

At the meeting of the Bntish Association in 1853, 
M. Claudet endeavoured to establish some rules for the 
angle at which photographic pictures must be taken, 
in order to produce the best effect of relief and dis- 
tance without exaggeration. He observed, that in 
looking at a single picture with two eyes, there is 
less relief and less distance than when loolting at it 
with one eye, because in the latter case we have the 
same effect we are accustomed to feel when we look 
at the natural objects with one eye ; while, if we look 
at the single picture with two eyes, we have on the 
two retinse the same image with the same pei-spectivej 
which JB not natural, and the eyes have not to make 
the usual effort for altering their convergence accord- 
ing to the plane on which the object observed is 
situated. This inaction of the convergence of the eyes 
diminishes the illusion of the picture, because the 
same convergence for all the objects represented gives 
an idea that they are all placed on the same plane. 
The photogi-aphic ipiage being the representation of 
two different perspectives, we must, when we look at 
them in the Stereoscope, as when looking at the nat- 
ural objects tliemselves, converge, more or less, the 
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axes of the eyes. Therefore we make the same effort, 
and have the same sensation in regarding the com- 
bined photographic pictures, as when we look at the 
objects represented. 

Sir David Brewster has suggested various appli- 
cations of the Stereoscope ; viz., to painting, to sculp- 
ture and engineering, to natural history, to education, 
and to purposes of amusement. The latter is the prin- 
cipal purpose to which the instrument is at present 
applied ; and some of the many ways in which it may 
contribute to delight the spectator are pointed out in 
Sir David Brewster's book. 

" For the purpose of amusement," he observes, 
" the photographer might carry us even into the re- 
gions of the supernatural. His art enables him to 
give a spiritual appearance to one or more of hia 
figures, and to exhibit them as ' tliin air,' amid the 
solid realities of the stereoscopic picture. "While a 
party are engaged with their whist or their gossip, a 
female figure appears in the midst of them with all 
the attributes of the supernatural. Her form is 
transparent ; every object or person beyond her being 
seen in shadowy but distinct outline. She may 
occupy more than one place in the scene, and different 
portions of the group might be made to gaae upon 
one or other of tiie visions before them. In order to 
produce such a scene, the parties which aa'e to com- 
pose the group must have their portraits nearly fin- 
ished in the binocular camei"a, in the attitude which 
they may be supposed to assume if the vision were 
real. When the party have nearly sat the proper 
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length of time, the female figure, suitably attired, 
walks quickly to the place assigned to her, and after 
standing a few eeconds in the proper attitude, retires 
quickly, or takes as qniekly a second, or even a third, 
place in the picture, if it is required, in each of whicli 
she remains a few seconds, so that her picture in these 
different positions may be taken with sufficient dis- 
tinctness in the negative photograph. If these ope 
rations have been well performed, all tlie objects im- 
mediately behind the female figure, having been 
previous to her introduction impressed upon the nega- 
tive surface, will be seen through her, and she will 
have the appearance of an aerial personage, unlike the 
other figures in the picture." 

It is in the foregoing manner that the remarkable 
stereoscopic effect of " Sir David Brewster's ghost " 
is produced, a representation of which is given in the 
next page. 

Sir David Brewster mentions many other curious 
applications of the Stereoscope, among which are the 
dioramic effects of pictures seen alternately by re- 
flected and by transmitted light ; a daylight view 
being apparently lighted up artificially iji the night, 
by seeing it at one time with the light reflected from 
the surface, and then exchiding the light from the 
front, and viewing it as a transparency. 

One of the most interesting effects of the Stereo- 
scope has been recently produced by Mr. De la Rue, 
who has contrived the means of ^ving apparent 
rotundity to the surface of the moon, as viewed 
through a powerful telescope. The disc of the full 
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moon, however highly magnified, presents, as is well 
known, the appearance of a flat surface, with tlie 
lights and shadows marked seemingly on a plane. 
Owing to the great distance of ,that luminai-y, there 
is no variation in its appearance, whether it he looked 
at with one eye or with the other, therefore it seems 
removed heyond the operation of the ordinary cause 




of stereoscopic eftects. Nevei-theless, Mr. De la Rue 
has taken photographs of the moon which, when 
placed in the Stereoscope, combine to form a solid- 
looking globe, on which all the lights and shadows 
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are distinctly and beautifully delineated. He has 
produced tliis effect by taking his photographs at 
diiferent periods of the year, when there is a slight 
vai'iation in the direction of the moon's face to the 
earth ; and by combining these separate photographs 
into one image in the Stereoscope, the form of the 
moon appears as convex as the surface of an artificial 
globe. 

M. Olaudet, who is one of the most successful 
photographer in the metropolis, has contrived an ar- 
rangement which he calls a " Stereomonoscope," by 
which the appearance of solidity is communicated to 
a single image formed on a screen of ground glass. 
Hie screen of ground glass has a black back, and is 
placed in the focus of a lens in an ordinaiy camej-a 
obecnra, wherein the imago may be seen by looking 
down upon it. The particles of the roughened glass 
reflect to each eye different parte of the image focused 
on the screen, and by this means a similar effect is 
produced as when two dissimilai- pictures are looked 
at through a stereoscope instrument. One gi'eat ad 
vantage of this arrangement is that several persons 
may look at the image at the same time. 

Mr. John Sang, of Kirkaldy, has very recently 
imparted stereoscopic effect to copies of paintings and 
engi-avings, the flat surfaces of which were previously 
thought to defy any such application of th« Stereo 
scope. The means he employs of doing so are at 
present kept secret, but he has shown its practicability 
by copying, on wood engravings, Mr, George Cruik- 
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shank's eeriea of " The Bottle." In some respects this 
process seems almost more wonderful than the origi- 
nal Stereoscope, for it gives solid form and apparent 
substantiality to the mere creations of the artist's 
pencil. 
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1^0 applJeatioE of science has so completely realiz- 
ed the visions of fancy as the Electric Telegi-aph. 
So closely, indeed, does the real of the present day 
approach to the ideal of ages past, that it might be 
supposed the nairatiTes in the tales of faery land 
were true records of the inventions of former times, 
and that the comhined efforts of inventive genius 
dnring the last half century were but imitations and 
reprodactiona of what had been successfully accom- 
plished " once upon a time." There is also an inter- 
mediate period — ^between the indefinite of faeiy tales 
and the positive of scientific history — in which sym- 
pathetic tablets and magical loadstones, scarcely less 
mythical, are stated to have been invented ; and the 
individuals are named who thus paved the way for 
instantaneous communication between all parts of the 
world. 

The Jesuits of the sixteenth and seventeenth cen- 
turies took the place of the magicians of the Middle 
Ages. In the seclusion of their monasteries, they 
speculated on the myetei'ious powers of Nature, then 



Hosted by Google 



THE ELECTRIC TELEGEAPH. Iz5 

partially revealed to tliem, and shadowed forth 
images of their possible applications. It is to a 
vague speculation of this bind that we may attribute 
the notice given by Strada, in his " Prolusiones Aca- 
domicEe," of the sympathetic magnetic needles, by 
which two friends at a distance were able to com- 
manicate ; though the then fanciful idea has been 
literally realized. A still more extraordinary fore- 
shadowing of one of the most recent improvements 
of the Eleetiic Telegraph was the transference of writ- 
ten letters from one place to another by electric 
agency. This is said f« have been accomplished by 
Kircher, who, in his " Prolusiones Magneticas," de- 
scribes, though very vaguely, the mode of operation. 
But even admitting that tliere were substantial foun- 
dations for these imaginary phantaams, that would not 
in the least detract from the merit of those who, fol- 
lowing closely the footsteps of scientific discovery, 
have successfully applied the principles unfolded 
by the investigations of others, and by their own as- 
siduous researches. Thus, whilst steam navigation 
was facilitating the means of intcrconi-se over rivers 
and seas, and whilst railways and locomotive engines 
served to bring distant cities within a few houra' 
journey of each other, another source of power, in- 
finitely more rapid in its action than steam, has been 
made to transmit intelligence from place to place, and 
from one country to ' another, with the speed of 
lightning. 

Tlie plan of making communications by signals 
has been in operation from time immemorial ; the 
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beacon lights on hills having -served in ancient aa 
weli aa in modem times to give warning of danger, or 
to announce tiding of joy- Such simple signals were 
not capable of much variety of expression ; but even 
beacon lights might be made to indicate different 
kinds of intelligence, by multiplying the number of 
the fires, and by altering their relative positions. It 
waa not, however, till the invention of telegraphs that 
anytliing approaching to the means of holding regular 
commnnication l)y signals was att.ained. The sema- 
phore of the brothers Chappe, of France, invented by 
them in 1794, was the most perfect instrument of the 
kind, and was generally employed for telegi-aphic 
purposes, until it was supplanted by the Electric 



The semaphore eoneieted of an upright post, hav- 
ing arms on each side, that could be readily extended, 
at any given angle. The extension of these arms on 
one side or the other, either separately or together, 
and at different angles, constituted a variety of signals 
sufficient for the purposes of communication. The 
semaphores, erected on elevated points, so as to be 
visible through telescopes, signalled intelligence 
slowly from one station to another, till it reached its 
ultimate destination ; and thus — daylight and clear 
weather pennitting— brief orders could be sent from 
the Admiralty to Portsmouth in the course of a few 
minutes. But the communication was liable to be 
interi'upted by fogs, as well as by nightfall. 

A remarkable instance of the imperfection of sight 
telegraphs occurred during the Peninsular Wai'. A 
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telegraphic despatch, received at the Admiralty from 
Portemouth, aiinomiced — " Lord Wellington defeat- 
ed ; "—and then the commnnication was interrupted 
hy a fog. This telegi'aphic message caused great con- 
sternation, and the utmost anxiety was experienced to 
learn the extent of the supposed disaster. When, 
however, the fog dispei-sed, the remainder of the mes- 
sage gave a completely opposite character to the 
news, which in its completed form ran thus : " Lord 
Wellington defeated the French," &c. 

Some better means of transmitting important in- 
telligence was evidently wanted ; for not only was 
the semaphore liable to frequent interrnptions by the 
weather, but its action was very slow, and the fre- 
quent repetitions from station to station increased the 
risk of blunders. 

The instantaneoiia transmission of an electric shook 
suggested the means of communicating with greatly 
increased rapidity ; and when it was ascertained, by 
experiments made by Dr. Watson at Shooter's Hill, in 
1Y47, that the charge of a Leyden jar could be sent 
through a circuit of four miles, with velocity too 
great to be appreciahle, the practicability of applying 
electricity for conveying intelligence became at once 
apparent. 

Of the many means by which this object was 
attempted to be accomplished, it will be only pos- 
sible, in this general survey, to notice tliose that mark 
the first steps of the invention, and the most important 
of those that have accompanied its progress to the 
present time. 
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The first method that suggested ilself was to tratia- 
iiiit signals ty means of pith-tall electrometers. 
"When, for instance, two pith-balls are auepended from 
a wire that is made to form part of an electric circuit, 
the electi-icity communicated to the balls causes tliem 
to diverge, and when the electricity in the wire is 
discharged, they immediately collapse. This action 
of pith-balls, when electrified, was the simplest mode 
known of making telegraphic signals, and it was ac- 
cordingly adopted by several of the eai-Iy inventors of 
Electric Telegraphs. The first person who proposed 
to apply it for that purpose was M. Lesage, of Gene- 
va, in 1774. His plan was to form 34 electric cir- 
cuits by as many separate wires, insulated ft-om each 
other in glass tubes ; and to place in the circuit, at 
each communicating station, an equal number of pitli- 
ball electrometers. Each electrometer was to repre- 
sent a letter of the alphabet, and thoy wore to be 
brought into action by an excited glass rod. "When a 
communication was to be made, the wires connected 
with the separate galvanometers were to bo charged 
alternately with electricity by the excited rod of 
gla^; and the person at the receiving station, by 
noticing which of tho electrometers were successively 
put into action, could spell the words intended to be 
communicated, 

Uy the means thus proposed, correspondence could 
have taken place at only short distances, for the 
charge of an excited glass rod would have been too 
feeble to produce any sensible effect on the elec- 
trometei-s had the length of the circuit been considera- 
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ble. This difficulty might have been overcome by 
aabstituting the charge of a Leydeii jar for the excit- 
ed glass ; but the more serious obstacle to the use of 
such a telegraph would have been the cost, and the 
ditSculty of insulating the 34 wires required to woi'k 
it. 

Most of the early telegi'aphic inventors encumber- 
ed tboir inventions with the same obstacle, as they 
seemed to consider it necessary to have a separate 
circuit for each letter of the alphabet. It was not so 
however, with all; forM. Lomond, a Frenchman, who 
ranks second in the list of telegi-aphic inventors, 
modified the pnnciple of M. Lesage, so as to enable 
hitn to work with only two wires and one electrometer 
at each station. With the experience since gained in 
the application of the needle telegraph, such an 
aiTangement eeems very simple, and we are inclined 
to wonder tliat it was not generally adopted, especially 
after M. Lomond had shown the way. 

To produce all the requisite signals with a single 
pith-ball electrometer, it was necessary to vary the 
durations of each divergence, and to combine several 
to foi-m a single symbol. Thus, suppose rfiat a single 
divergence of the pith-balls for a second was nnder-- 
stood to signify the letter A ; one divergence, followed 
by an immediate collapse, by discharging the electri- 
city, might signify _S / two prolonged divergences 
might signify O, and two short ones D ; and by thus 
increasing the number and varying the divergences 
of the two pith-balls, all the lettere of the alphabet 
might be indicated. 
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A still more direct metliod of representing the 
letters of the alphabet was proposed by M. Eeizen in 
1T94:, by the application of the means frequently 
adopted for exhibiting the light of the electric spark. 
The charge of a licyden jar was sent through sti-ipa of 
tin foil, pasted on to a flat piece of glass, so as to form 
several lines, joined at the ends alternately into a con- 
tinuous circuit. Interruptions were reiade in the foil 
by cutting small portions away, at which points 
hrilliant spai-ka appeared when the jar was discharged. 
As the intermptiona were so contrived as to form 
letters, and the strips of tin foil were all arranged 
separately on a long pane of glass, any letter required 
cottld he distinctly naade visible by dischai'ging the 
jar through that particular circuit. To produce all 
the letters of the alphabet in this manner, a separate 
circuit was required for each. 

Another plan, far less feasible, and scarcely de- 
serving of notice, excepting for its peculiarity, was 
proposed in the following year by M. Cavallo, who 
suggested tho setting fire to corabustiblea, or the ex- 
plosion of detonating substances, as the moans of 
eignalling intelligence. About the same time several 
attempts were made by electricians in Spain to trans- 
mit signals by electi-icity, but their plans were not 
more practicable than those already mentioned, and 
depended for their effects on the discharge of Leyden 
jars. 

The discovery of voltaic electricity at the beginning 
of the present century was an important step in the 
progi-ess of the Electric Telegraph, though several 
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years elapsed before the applicability of the discovery 
for that purpose became known ; and it was not fully 
appreciated till within the last twenty years. 

The electricity generated by the voltaic battery is 
fai* gi'eater in quantity than the most powerful electri- 
cal machine can excite, whilst its intensity is so feeble 
that it cannot pass in a spark through the smallest 
interval of air. It presents, therefore, much lees 
difBcnlty in the insulation of the wires tlian frictional 
electi'icity, whilst the rapidity of ite transmission is for 
practical purposes equally efficient. Tiie electricity 
generated by the voltaic battery being great in quan- 
tity and feeble in intensity, it is capable also of 
effecting chemical decomposition and of imparting 
mt^netism, both of which properties have proved 
eminently useful in perfecting the Electric Telegraph. 

The first application of voltaic electricity to tele- 
graphic purposes was made by Mr. Soemmering in 
1809. The signals of his telegraph consisted of the 
bnbbles of gas arising from the decomposition of water, 
during the action of the electric current. His appa- 
ratus consisted of a small glass trough, filled with 
acidulated water, through the bottom part of which 
were introduced several gold wires con-esponding to 
the lettere of the alphabet. The instant that an elec- 
tric current was sent through any two of the wires, by 
making connection with a voltaic battery at the trans- 
mitting- instrument, bubbles of hydrogen gas rose 
from one of the gold wires, and bubbles of oxygen gas 
from another; and as the volume of hydrogen gas, 
liberated tlm-ing the decomposition of water, exceeds 



Hosted by Google 



132 GREAT FACTS. 

by sixteen times that of the oxygen, it was easy to 
distinguish them. In this manner all tlie letters of the 
alphabet could he indicated by using 24 wires. The 
object of having gold wires in the decomposing trongh 
was to prevent the oxidation of the metal; for had 
copper, or any other metal that combines with oxygen, 
been employed, the points of the wires would soon 
have become corroded. 

This telegraph of Soemmering's, though not adapt- 
ed for practical application in the form he presented 
it, on account of tiie number of wires required for the 
purpose, was neverthele^ superior to any that bad 
previously been invented ; and by a littie modification 
it might have been made a perfect instrument, capa- 
ble of transmitting messages by means of only two 
wires. Siicli a raodilieation of the instrument was 
proposed by M. Schweigger, twenty years afterwards ; 
the only tiling required being the adoption of a code 
of symbols, by means of which all the lettera might 
be indicated by combinations of tlie four primaiy sig- 
nals that are obtainable by two wires, as is at present 
done by the needle telegraph in common use. At 
that time, however, the discovery of tlie magnetic 
properties of the electric current, and otlier improve- 
ments in the means of communicating, superseded for 
some years the use of signals made by electro-chemical 



The next important step in the progi'ees of tele- 
graphic invention, after that of Mr, Soemmering, was 
made by Mr. Ronalds, who in 1816 succeeded in 
making a perfect apparatus, that transmitted every 



Hosted by Google 



THE ELECTRIC TELEGRAPH. 133 

requisite signal with the use of only a single circuit, 
lu the agent employed, however, there was a reti-o- 
gression to frictioisal electricity and the pitch-ball 
electrometer, for at that time the property which a 
voltaic current possesses of deflecting a magnetic 
needle had not been discovered. 

Mr. Ronalds's plan was to liave, at each communi- 
cating station, a good clocli with a light paper disc 
fixed on to the seconds wheel, on which were marked 
all the letters of the alphabet, and the ten nnraerals. 
Only so much of this disc was exposed to riew as to 
show a single letter at a time, through a small aper- 
ture, as the seconds wheel revolved. The clocks at 
the corresponding stations were set exactly together, 
80 that the same letter was exposed to view at each 
instrument at the same instant. A pith-ball electro- 
meter, connected in a single circuit with the transmit- 
ting station, was kept distended during the transmission 
of a message by charging the wire from an electrical 
machine ; and when the letter required to be indi- 
cated appeared at the aperture of both instruments, 
the operator at the transmitting instrument instantly 
discharged the elech-icity of the wire by touching it, 
and thus caused the pith-balls to collapse. In this 
manner the person at the receiving station, by atten- 
tively watching the pith-balls, and noticing the letter 
that appeared at the instant of collapse, could read 
the messages signalled. 

Mr. Eonalds so far perfected his invention, that it 
worked accurately, though slowly, through eigiit miles 
of wire insulated in glass tubes. Having thus succeed- 
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ed in putting into action his single ■wive telegraph, 
Mr. Konalds sought the patronage of Goverument for 
its practical adoption, snch a notion as tiiat of estab- 
lishing a telegraph for commercial purposes not being 
at that time entertained. For a length of time his 
application received no attention, and when at length 
tlie Lords of the Admiralty condescended to answer, 
they sent Mr. Eonalds, as the reward for his ingenuity, 
and as compensation for the time and money bestowed 
in perfecting the invention, the expression of their 
opinion — that " telegraphs are of no use in time of 
peace, and that dming war the semaphore answered 
all reqnh'cd pnrpoeos " 1 This reply, so characteristic 
of the maunerin which Govommentejft_pfoyes generally 
regard anything now to which their attention is so- 
licited, completely disheartened Mr, Eonalds. He 
abandoned the Electric Xelegi-aph to its fate ; and 
having gone abroad, he returned some years later to 
find that, notwithstanding the dictum- of the Lords of 
the Admiralty, telegraphs are of great use in time of 
peace as well as of war, and that the old semaphore 
had been entirely suporseded by the means of trans- 
mission he had indicated twenty yeare before. Mr. 
Eonalds has since received a small pension, not how- 
ever as a reward for. his ingenious telegraph invention, 
but for his services in otiier departments of science. 

The discovery of the magnetic property of an 
electric curi'ent by Professor CErsted, in 1818, was 
most important in the sTibsequent progress of telegraph- 
ic invention, though it was not applied in a practical 
manner till nearly twenty years afterwards. In 1820, 
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indeed, M. Ampere snliniitted to the Academy of 
Sciences at Paris a telegraphic instrument for the 
transmission of signals by the deflection of needles, 
but he adopted the imp racti call] e plan of the earliest 
inveiitore, of having a sepai'ate wire for each letter oi 
the alphabet. A much more important contribution 
to telegraphic invention by M. Ampere was the dis- 
covery of electro-magnets, which act an important 
part in many recent electric telegraphs. 

As the magnetic properties of a voltaic current 
are extensively applied in electric telegraphs, it is de- 
sirable briefly to explain the natnre of the action of 
voltaic batteries before proceeding farther with tlie 
history of the invention. 

To excite a current of voltaic electricity, it is ugnal 
to employ a series of zinc and copper plates, arranged 
alternately in separate jara; or, what is now most 
common, in cells of giitta percha, separated from each 
other in a gntta percha ti'ough. The cells are neai'ly 
filled with diluted sulphuric acid, and a wire is attach- 
ed to each end of the trough ; one being connected 
with the last zinc plate, and the other with the last 
copper plate of the opposite ends of the ti-ough. 
"When these wires ai'c brought into contact, electricity 
is instantly generated by the action of tlie acid on the 
zinc plates. The electricity excited by tlie action on 
the zinc in one cell is cai'ried on to the next, and that 
again excites and transfers an additional quantity to 
the third cell, thus increasing in intensity to tlie last 
pair of plates in the series. The electrio current, as it 
is called, passes along the wire, and whetlier the wire 
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be one yard, or whether it be a hundred miles long, 
the generation of electricity takes place the instant 
that the circuit is completed, and ends the instant that 
the circuit is broken. There is this diiference, how- 
ever, in the transmission of electricity through a long 
and tht'ongh a short circuit, that in the former case the 
increased resistance ofl'ered by the length of the wire 
greatly diminishes the quantity of electricity trans- 
mitted though it does not perceptibly retard th© 
velocity. 

"When a balanced magnetic needle is held above a 
short thick copper wire whilst it is ti'ansndtting an 
electric current, the needle is deflected from its natural 
position, and inclines either to the right or to the left, 
according to the direction in which the current passes. 
If, for instance, tlie north pole of the needle be pointed 
towards the copper pole of the battery, it will he de- 
flected towards the east, but if the direction of the 
battery current be reversed, the deflection will be 
towards the west. The effect instantly ceases when 
the current is interrupted by breaking connection 
with either pole of the battery. The copper wire, 
though imder ordinary circumetances incapable of 
being rendered magnetic, thus becomes endowed with 
strong magnetic properties when it is transmitting an 
electric current, and acts on the magnetic needle in 
the same manner as if there wore an immense number 
of small magnets placed along the wire across its 
diameter. 

The magnetic property of an electric current, first 
discovered by CEi-sted, was applied by M. Ampere 
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to impart magnetism to iron, by coiling a length of 
copper wire ronnd a bar of iron, taking care to cover 
the wire with an insulating substance, so that when an 
electric current was transmitted the electricity might 
not pass through the iron. Coils of copper wire, 
covered with cotton or silk, can thus impart most 
powerful magnetism to a piece of soft iron ; but it 
loses its magnetic power the instant that the electric 
current is interrupted. 

The effect of a coil of insulated wire in increasing 
the magnetic power of an electric current, was applied 
by M. Schweigger in 1833 to increase the sensitive- 
ness of a suspended magnetic needle. By surixjund- 
ing a compass needle with sovoral convolutions of 
covei'ed vrire, it was found that the deflections of the 
needle were much greater and more active ; and he 
thus showed the way to the construction of those deli- 
cate galvanometere, which indicate by their deflec- 
tions the slightest disturbance of elech'ical equilib- 
rium. Schweigger may, therefore, be considered the 
original inventor of the N^eedle Telegi'aph ; and as he 
pointed out a method of impressing symbols on paper 
mechanically, by means of electro -magnets, he may 
he considered also as the original inventor of Record- 
ing Electric Telegraphs. 

Tlie first neai' approach to the needle telegi'aph, 
now used in this country, was made by Baron de 
Schilling, who, in 1832, constructed at St, Petersburg 
an electric telegraph consisting of fire magnetic 
needles. This may be considered as the precursor of 
the five-needle telegraph, firet patented by Professor 
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Wbeatstone in ISSt. By the separate deflection of 
those needles to the I'ight hand or to the left, by re- 
versing the connections with the poles of the bat- 
teries, ten primary signals could be obtained ; and by 
biinging two into action at the same time, many 
more signals might be made than were required for 
indicating the letters of the alphabet, and they conld 
be appropriated to express several words. Tor the 
action of this very eflcient telegraph only five wires 
were required, and the signals being all primary ones, 
the messages might have been transmitted very 
quickly.* In a subsequent modification of the tele- 
graph, he contrived to make all the signals with one 
magnetic needle alone, by repeating the deflections 
to the right and to the left, as done in the needle tele- 
graph now generally used in England. 

Another step made by Baron de Schilling was the 
invention of an alarum to call attention when a mes- 
sage was about to be sent. Some contrivance of this 
kind was considered essential in the eaily days of the 
practical application of the Electi'ic Telegraph, as no 
one then contemplated that telegraphic communica- 
tions would be BO frequent as to require a person to 
be always near the insti'ument, waiting for the re- 
ceipt of messages. 

* Primary signals are those in- which the letter indicated Is repre- 
sented by a single deflection of the needles in either direction. A 
Bingle needle telegraph can have only two primary signals, one to the 
right and one to the left ; all the other letters being indicated by re- 
peated defleetions. In eeveral msCanceE four defleclions are required 
to signal a single letter. 
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Baron de Schilling'a alarum was very simple. 
One of the magnetic needles acted as a detent which 
held a weight suspended, aiid when the needle waa 
deflected, the weight fell npon a bell. The alararaa 
subsequently invented were conatructcd on the same 
principle, bnt inetead of employing one of the mag- 
netic needles ae a detent, an electro-magnet was used 
for the pni-pose, and clock mechanism was introduced 
to sound a bell continuously, as soon as it was set in 
action by the witiidrawal of the detent. At the 
present time alarums are not used in the regular sta- 
tions of the electi'ic telegraph companies ; the sound 
of the needles, as they strike againat the ivory rests 
on each side, being sufficient to call the attention of 
the clerks, who are in constant attendance. 

We have hitherto been enabled to trace, step by 
step, the advances made at inteiTals — years asunder 
— ^in bringing the Electric Telegraph into practical 
use ; but we are now approaching a time when it be- 
comes difficult to enumerate, and impossible to de- 
scribe within reasonable compass, the numerous in- 
ventions that were patented and otherwise made 
known for giving greater efficiency to that means of 
communication. 

In the early part of the year 1837, the electric 
tclegi'aphe of Mr. Alexander, of Edinbnrgh, and of 
Mr. Davy, were publicly exhibited in London, and 
excited nmch attention ; though at that time it was 
not siipposed that it would be possible to make use of 
that means of communication for genei'al purposes. 
Mr. Alexander's telegraph was the same in principle 
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as those of M. Ampere and of Baron de Schilling' 
tliough in some respects not so ofScient as either, for 
its action was slow, and it required a separate wire for 
each letter of the alphabet. It was considered a gi-eat 
advantage of this telegraph at the time, that it ex- 
hibited actual lottere of the alphabet, instead of 
symbols. This was effected by having the twenty- 
six lettere painted on a board, and concealed from 
view by a number of smal] paper screens, which 
were attached to magnetic needles. When any of 
the needles was deftected by sending an electnc 
current thi'oiigh the suiTounding coil, the screen 
was withdrawn and exposed the letter behind. 
Twenty-six keys, resembling those of a pianoforte, 
were ranged in connection, one with each wire, and 
on pressing down any one of the keys, contact was 
made between tlie battery and the wire eonnectea 
with its associated magnetic needle ; and in this 
manner, messages might easily be transmitted and 
read. The objections to this telegi'aph, in the form 
in which it was exhibited, were not only the im- 
practicability of laying down and insulating so 
many wires, but the paper screens attached to the 
needles impeded their action, and rendered the 
transmission a very slow process. It is questionable, 
indeed, whether that telegraph could have been 
worked at all through a circuit of many miles, 

Mr. Davy's telegraph was similar to that of Mr. 
Alexander's, though much more compact and better 
arranged. The lettere were painted on gi-ound glass, 
lighted behind, so that when the sereens were with- 
drawn the letters were seen in transparency. 
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Profeesor Wheatstone, who liad for some previous 
years been endeavouring to perfect a practical electric 




telegraph, took out hia fii-st patent in 1837. It 
closely resembled in general features the telegraph 
of Baron de Schilling, It consisted of five magnetic 
needles, ranged side by side on a horizontal lino that 
formed the diameter of a rhomb. The needles were 
suspended perpendiculai'ly, being kept in that posi- 
tion by having the lower ends made slightly heavier 
than the upper. Tlio rhomb was divided into thirty- 
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BIX equal parts by ten cross lines, and the needles 
were placed at the points where the lines intereected, 
as shown in the diagi-ara. 

At each intersection, and along tlie bonndary 
lines of the rhomb, letters were marked, any one of 
which might be pointed at by the combined action of 
two of the needles. Thus, if the two extreme needles 
were deflected inwards, one towards the left and the 
other towards tlie right, tliey would point to the 
letter A at the top of the rhomb. If the extreme 
needle on the left and the fourth one were similarly 
deflected, they wonld point to the letter B ; and thus 
all the letters marked on the intersections of tlie lines 
could be pointed to. A telegraph that could be 
worked with five circuits came within the range of 
practicability, and it was put into operation on the 
Great Weetern Eailway as far as Slough, a distance 
of 18 miles. 

When the work of actualiy making communica- 
tion by insulated wires between places far apart 
came to be done, much difficulty arose as to the best 
and cheapest mode of doing it. The plan first at- 
tempted was to snn-ound the wires with pitch, and to 
bnry them in a ti'onch in the ground. But this was 
found to be attended with great inconvenience, for 
the pitch cracked, and electric commnnication was 
established between the adjacent wires. The method 
of suspending the wires on posts was, we nndei-stand, 
suggested by Mr. Brunei, who had seen wires so sus- 
pended foi" other purposes on the Continent, and he 
recommended it to Mr. Cooke for the Electric Tele- 
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graph. The plan was tried with success, and was 
generally adopted by the Electric Telegi-aph Com- 
pany in extending their lines over the country. "We 
shall have occasion to revert to this practical part 
of the subject, when describing more particularly tlie 
means of mailing communication from one place to 
another. 

In continuing the history of the invention, as re- 
gards the different modes by which communications 
are transmitted along the insulated wires, the next 
telegraphs that deserve notice are those of Dr. Stein- 
heil, which became known also in 183T. One of his 
telegraphs made the signals by sounds, produced by 
magnetic needles striking, when deflected, against 
bella of different tones. By another telegraph of his 
invention the symbols were marked upon paper by 
small tubes holding ink, fixed to the needles. In this 
manner the lettei"s of the alphabet were indicated by 
dots upon a strip of paper, kept slowly moving by 
clock raechaniam. This telegraph could be worked 
by a single circuit ; and it appears that Dr. Steinbeil 
was tlie first who discovered, or at least who practi- 
cally applied, the conducting power of the earth for 
the return current. Each circuit, therefore, consisted 
of only a single wire ; the wire that had been pre- 
viously used to complete the circuit being superseded 
by burying in the earth, at each terminus, a smaJl 
copper plate. Dr. Steinheil also introduced the use 
of galvanized iron wire. An electric telegraph of 
this construction was put into operation at Munich, 
through a distance of 12 miles. 
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In the following year Messrs. Cooke and "Wheat- 
etone so far simplified the arrangements of tlieir 
needle telegraph as to make all the requisite signals 
with two needles. With a single combined battery 
and two wires six primary signals are thus obtained ; 
and by repeating the deflections and combining tho 
action of the two needles, ali the letters can be readily 
and quickly indicated. A single needle Instrument 
was invented by Messrs. Oooke and Wheatstone, hut 
as there are only two primary signals, one to tlie right 
and one to tho left, the deflections are necessarily re- 
peated more frequently, and the ti'ansmiesion is con- 
sequently more slow. The accompanying diagram 

CfABC MNOP 

\\\wm , ////////// 
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represents the alphabet of the single needle instrument. 
The deflections for each letter commence in the di- 
rection of the short marks, and end with the long 
ones. Thus, to indicate the lettei- H, the needle is first 
deflected once to the left and then once to the right ; 
and the letter D has the deflections reversed, begin- 
ning with one to tho right and ending with one to the 
left. In no instance does it require more than four 
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deflections to indicate a single letter, yet the trans- 
mission with tlie double needle ia found so mncli 
q^nicter that the single needle instrument is only 
rarely ased. 

At the end of each word, it is cnstomary for the 
clerk at the receiving statioD to indicate, by a deflec- 
tion of the needle to the light, that he nnderstanda, 
or by a deflection to the left, that he does not under- 
stand, and in the latter case tlie word is repeated. 
In the early days of the Klectrio Telegraph, the 
transmission of 40 letters a minnte with tlie double 
needle instrument was considered quick work; but 
the practised clerks will now transmit one hundred 
letters in that time, which is as fast as any pereon can 
write with pen and ink. 

Since the invention of the double and single 
needle telegi-aphs there have been many modifications 
in the instruments, to make them work more promptly 
and with less vibration ; but in all essential pai-ts the 
telegraphs of Messrs. Cooke and Wheatetone remain 
niialtered, and continue to be generally used in this 
country. 

Of the numerous other telegraph inetriiments that 
have been invented since 1837, that of Mr, Morse ia 
in most general use, especially on the Continent and 
in Amei'iea. Mr, Moi-ee, indeed, claims to be the 
first inventor of a practical Electric Telegraph ; for, 
according to his statement, he, in 1833, invented a 
telegraph, which was in principle the same as the one 
now in use. It was not, however, till September, 
1838, that he made hia instrument known in Europe, 
7 
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by sending a description of it with a model to the 
Academy of Sciences at Paris. Mr. Jackson, an 
American, disputed with Mr. Morse for the hononr 
of the invention, and when the latter asserted that he 
had described his telegraph in 1832, to some passen- 
gers on board a pacliet-boat, Mr. Jaciaon affirmed 
that it was he who described it on that occasion, and 
that Mr. Morse, being present, got the idea from liira. 
It is painful and difBcult to decide when we find two 
claimants tlms directly in opposition to each other, 
and mntually preferring charges of falsehood and 
fraud. The only safe gnide in soch cases is to refer 
to the earliest published and authentic descriptions of 
the inyentions ; and, following that guidance, the in- 
vention of what is called Morse's telegi-aph must be 
attributed to him whose name it bears ; but we must, 
according to the same rule, date it sevei'al years later 
tlmn 1833. 

Mr. Morse's telegraph is a recording insfa-ument, 
that embosses the symbols npon paper, with a point 
pressed down upon it by an electro-magnet. The 
symbols that fomi the alphabet consist of combina- 
tions of short and long strokes, which by their repeti- 
tions and variations, are made to stand for different 
letters. Tims a stroke followed by a dot signifies the 
letter A; a stroke preceded by a dot, the letter B ; s, 
single dot, the letter E; and in this manner the 
whole alphabet is indicated, the nnmber of repetitions 
in no case exceeding four for each letter. The letters 
and words are distinguished fi-om one another by a 
longer space being left between them than between 
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each mark that foi'ms only a pai-t of a letter or of a 
word. The annosed diagram represents the symbols 
for the whole alphabet. 



The mechanism of this telegraph instrument is 
very simple. Tlie transmitter is merely a spring key, 
like that of a musical instrument, wliicli, on being 
pressed down, makes contact with the voltaic battery, 
and sends an electric current to the receiving station. 
The operator at the transmitting station, by thus 
making contact, brings into action an electro-magnet 
at the station he communicates with, and that pulls 
down a point fixed to the soft iron lever upon a strip 
of paper that is kept moving by clockwork slowly 
imder it. The duration of the pressure on the key, 
whether instantaneous or prolonged for a moment, oc- 
casions the difference in the lengths of the lines indent- 
ed on the paper. A single circuit is sufficient for this 
telegi'apli, and a boy who is practised in the use of 
the instrument will transmit nearly as many words in 
a minute as can be sent by the double needle tele- 
graph with two wires. 

The working of Mr. Morse's telegraph, it will be 
observed, depends altogether upon bringing into 
action at the receiving station an electfo-magnet of 
sufficient force to mechanically indent paper. Kow 
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the reeistance to the passage of electiicity along the 
wires diminiehee tiie quantity transmitted so greatly, 
that at long distances it would be almost impossible 
to obtain eufiicient power tor the purpose, if it acted 
directly. To overcome that difficulty, an auxiliary 
electro-magnet is employed. The electro- magnet 
■which is directly in connection with the telegraph 
wire is a small one, sniTounded by about 500 yards 
of very fine wire, for the purpose of multiplying as 
much as possible the effect of the feeble curi'ent that 
is transmitted. The soft iron keeper, wliich is at- 
tracted by that magnet, is also very light, so that it 
may be the more readily attracted. This highly sen- 
sitive instrument serves to make and break contact 
with a local battery, which brings into action a large 
electi'o-magnet, and as tlie local battery and the mag- 
net are close to the place where the work is to be 
done, any required force may be easily obtained. By 
this means the marks may be impressed on the paper 
at distances of 400 miles or more apart. 

This is a very efficient and remai-kably simple 
telegi'aph, and as it operates with a single wire, it has 
completely supplanted the needle telegraph on the 
Continent ; though the liability to en-or, common to 
all manipulated telegraphs, is considerably increased 
by this mode of transmission, nor can unintelligible 
signals be indicated and corrected so readily as by 
the needle. in sti'ument. 

There have been several modifications of Mr. 
Morse's telegraph, for the purpose of increasing tlie 
rapidity of its action and ihe distinctness of the marks. 
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The most important of these was made by Mr. Bain, 
who in 1847 applied for this purpose the method of 
impressing the symbola on paper by electro-chemical 
decomposition. Mr, Davy had, in 1843, taken out a 
patent for the application of electro-chemieal marks to 
telegraphic pui-poses, but his method was not suf- 
ficiently practical to be brought into nee. Mr. Bain 
adopted an alphabet of short and long strokes, similar 
to that of Mr. Moree ; but instead of making and 
breaking contact by a key pressed down by the fin- 
ger, he punched holes in a strip of paper, correspond- 
ing in lengths and positions to the marks intended to 
be ti-ansmittcd. A small metal spring, connected 
with the voltaic battery, pressed upon a metal cylin- 
der attached to the telegraph wire, and when the 
spring and cylinder touched, an electi-ic current was 
transmitted. The strip of punched paper was placed 
upon the cylinder so as to interrupt the circuit, ex- 
cepting in the parte where the apertures allowed the 
spring to make contact ; therefore when the strip of 
paper was moved along, an electric ciirrent was 
transmitted through the apertures, and it was stopped 
when the paper intervened. At the receiving sta- 
tion, paper well moistened with a solution of prnssiate 
of potass and nitric acid was placed upon a corre- 
sponding cylinder to receive the message, and a piece 
of steel wire was kept steadily pressed upon it as it 
moved along. The action of the electric current at 
the parts where it was transmitted caused the acid to 
enter into combination with the steel, and the conse- 
quent deposition of iron on the paper was instantly 
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converted by the prussiate of potass into Prussian 
blue. On the parts where the electric euri'ent was 
interrupted no action took place, and thus nunihere 
of short and long marks were made on the paper, cor- 
responding to the lengths of the apertures on the pre- 
pared message. A representation of the punched 
paper for transmitting the word " Bain " is shown in 
this diagram. 



As electro-chemical action takeb effect mucli more 
rapidly than the mechanical morement of an indent- 
ing point, Mr, Bain's telegi-aph could work much faster 
than Mr. Morse's, We have been informed that as 
many as 1,000 lettei-s per minnte have occasionally 
been transmitted by this means from Manchester to 
London, The disadvantage attending that mode of 
transmission arises from the tedious process of punching 
the message preparatory to ti'ansmissioa ; and though 
circumstances may arise in which it would be of groat 
importance to adopt this rapid system of transmission 
with a single wire, it has been yet but little used in 
this country by the Electric Telegraph Company, who 
purchased Mr. Bain's patent for £10,000. 

Anotlier modification of Mr. Morse's telegraph, 
which has been more extensively adopted in England, 
consists in merely substituting marks made on paper 
by electro- chemical decomposition for those indented 
by pressure. It has been found desirable in practice. 
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however, to iiiti-oduce and ausiUary electro-magnet, 
called a " picker," for making and breaking contact, 
by which arrangement the dotted marks can be made 
by a local battery, and any required amount of elec- 
tric power be obtained. Tlie marks produced in tliis 
manner are more distinct, and ai-eraore ijuickly made, 
than by mechanical pressure. By a more recent ap- 
plication of Mr. Morse's system, the marks are made 
on jjaper with ink flowing through a glass pen, in the 
same manner as in the telegraph of M. Schweigger, 
already noticed. As the strip of paper is moved 
along, a continuous line is tlius drawn on the paper. 
When no signals are being transmitted the lino is 
straight, but when an electric current is sent tlirough 
the wire, it brings into action an electro-magnet, 
which attracts the penholder on one side, and alters 
the direction of the mark. Tlie ti'ansmission is effected 
by making and breaking contact with a key, and the 
continuance of the divergence of the mark from its 
normal direction is regulated by the duration of pres- 
sure on the key. The symbols are thus made by de- 
viations from the sta'aiglit line, of different lengths 
and of vai'ied combinations. Practical application 
alone can determine whether this mode of malting 
the marks possesses any advantage over Mr. Morse's 
onginal plan. The patent for this telegraph was 
granted to Mr. "Wilkins in 1854, but a similai' instru- 
ment, applied to the notation of astronomical observa- 
tions, was shown in the American department of the 
Great Exhibition of 1851. 

The recording telegraph instruments hitherto no- 
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ticed impress on the paper only hieroglyph; cal sym- 
bola, which require longpractlce to decipher readily. 
It haa, from the first practical application of tbe in- 
vention, been considered highly desirable that the 
letters of the alphabet should be indicated and prints 
ed in their proper forms, so that the momentary trans- 
misHion of an electric current ahonld leave behind a 
durable impression that could be read witlioot diffi- 
culty. Professor Wheatetone and Mr. Bain separately 
attempted to accomplish this desired object by the 
invention of Printing Telegraphs, ■which print messages 
from types. It; is a question in dispute which of thera 
was the first to design a telegraph of this kind. In 
1 845, Mr. Bain had a printing telegraph in operation 
experimentally on the South-Westera Railway, for a 
distance of seven miles, and we are not aware that 
Professor Wheatstone ever sneeeeded in worliing his 
printing instruments when separated at a distance 
from each other. In principle, both inventions were 
similar. A wheel, into the periphery of which were 
inserted types of the twenty-six letters, was made to 
rotate in close proximity to a piece of paper, over 
which was placed a blackened surface that would 
leave a mark on the paper when pressed upon. 
When the required letter came opposite the paper, 
the type-wheel was stopped and forced against it, so 
that the lettej- was impressed, and the black from the 
interposed surface marked the form of the type. The 
paper was tlien moved forward to leave space for the 
next letter, and thus a continuous message could be 
printed. The objection to these instruments was the 
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nil certainty of stopping the type-wheel at the proper 
point, 80 as to avoid printing wrong letters ; and when 
the instruments heeame thus irregulai', they con- 
tinued so till they were again adjusted. This diffi- 
culty has since been overcome ; and by the combined 
efforts of Mr. House in America, and of Messrs. 
Brett in this eountiy, the pnnting telegi'aph has at- 
tained a high degree of perfection. The mechanical 
aiTangements of the instrument, though very com- 
plex, consist essentially, like those of Mr. Bain and 
Professor Wheatstone, in having a type-wheel, which, 
by the action of the operator at the transmitting instru- 
ment in making and breaking contact, moves or stops 
at the required poiat, and the letters are printed by 
forcing the paper against the type by an electro-mag- 
net. The movements of tiie type-wheel are regulated 
by an olectro-magnet, and one great improvement in- 
troduced by Mr. Brett prevents the continuance of 
error, should any he made duiing transmission, by 
bringing the type-wheel to its first position after print- 
ing each letter, so that if a wrong letter be printed, 
the subsequent lettera will not continue eiToneous. 
This printing telegi'aph works with a single wire, but 
its operation is ratlier slow. 

The last recording telegraph we shal' notice is the 
one invented by the author, wiiich transmits copies 
of the handwriting of correspondents. The communi- 
cation to be transmitted is written upon tin foil, thinly 
coated with varaish, with a pen dipped in an ink com- 
posed of caustic soda and colouring matter. The 
alkali detaches the varnish, and when the surface is 
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washed over with a wet sponge, the metal is exposed 
on those parts written upon, the writing appearing 
metallic on a dark ground. The message is then 
placed round a metal cylinder that is connected with 
the line wire from the receiving station. A brass 
point, in connection with the voltaic battery, lightly 
presses on the message as the cylinder rotates, so that 
the electric circuit is made and broken through the 
message as it passes under the connecting point, the 
coating of varnish on the foil being sufficient to in- 
teiTupt the electric current in those parts where the 
point is resting upon it. On a corresponding cylinder 
in the electric circuit, at the receiving station, paper 
moistened with, a solution of prnssiate of potass and 
nitrate of soda is placed to receive the message ; and 
it is pressed upon by the point of a steel wire, in 
connection with the communicating wire. The accom- 
panying diagram will assist in explaining the arrange- 
ment. 

Tlie cylinder of the instrument is shown at »/ 5 
is the metal style connected by the wire g with one 
of the poles of the voltaic battery ; o is the arm which 
holds the style and serves to insulate it from the rest 
of the apparatus ; c is a fine screw on which that arm 
traverses as the cylinder revolves; dd are cog-wheels 
to turn the screw. The speed of the instrument is 
regulated by the fan 6/ /is the impelling weight, 
and h tlie wire connected with the distant instrument. 
The receiving and the transmitting instruments are 
alike, the only difference between them being that 
the style of tlie copying instrument is steel instead of 
brass wire. 
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Ae tlie cylinder a is connected by the wire h with 
tlie distant instrument, and through it with one of 
the poles of the voltaic battery, the electric circuit is 
completed by passing fi'om (/ through the tin foil 




message, or through the paper placed on tlie cyhnder, 
Thia will be the case whenever the style of the trans- 
mitting instrument is pressing on the metallic writing ; 
and at those times the electro-chemical action of the 
voltaic current will produce a blue mark on the paper 
of tlie receiving instrument, by the deposition of iron 
and its combination with the piTjssiate of potass. The 
circuit will in like manner be intermpted whenever 
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tlie point h presses on those parts of the raeesage wliere 
the varnish is not removed ; and time, as the two cyl- 
inders revolve, there will he a snccessioa of small bine 
marks on the parts where the writing allows the 
electric current to pass. As the ai'ma that can-j tiie 
points traverse on screws, they are drawn along as 
the cylindei's rotate, so as to press on fresh parts of 
the message and of the paper at each revolution. The 
steel point would therefore draw a series of spiral lines 
on tlie paper, if the electnc current were not inter- 
rupted ; but the interposition of the varnish breata 
those lines, and as the point passes over different por- 
tions of the letters at each revolution of the cylinder, 
the marks and the interruptions on the paper corres- 
pond exactly with the forms of the letters, and thus 
produce a copy of the writing placed upon the re- 
ceiving cylinder, in blue characters on a yellowish 
ground. Or the message may be written on iinpre- 
pai-ed tin foil with a pen dipped in varnish ; in which 
case the writing will be copied in white characters on 
a ground of dark lines, as in the accompanying speci- 
men, A being the writing on tin foU, and £ the mes- 
sage received. 

It is essential to the perfect working of the copying 
telegraph tliat the corresponding instniments should 
rotate exactly together. This is effected by an electi'o- 
magnetic regulator, which being put in action by one 
instrument, governs tlie movements of the distant in- 
strument with the greatest exactness, as proved at a 
distance of 300 miles. 

It might be supposed, as the points must traverae 
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several times over the same line of writing to copy 
it, that the process is a slow one j but in consequenca 
of the rapidity with wliich the cylindera revolve, this 
ia not tlie case. Tiie ordinaiy speed is one rotation 




in two seconds, and at that rate tliree lines of wiiting, 
containing sixty words, woiild bo copied in one min- 
ute, which is three times as fast as an expeditious 
penman can write. 

The advantages proposed to be gained by the copy- 
ing telegraph, in addition to its increased rapidity of 
transmission, are the autlientication of telegi-aphic 
correspondence by the signatures of the writers, free- 
dom from the errors of transmission, and the mainte- 
nance of secrecy. As a special means of obtaining 
secrecy, the messages may be received on paper moist- 
ened with a solntion of nitrate of soda alone, in which 
case they wonld be invisible nntil brushed over with 
a solution of pmssiate of potass, to be applied by the 
person to whom the communication is addressed. 

Professor "Wheatstone has recently contrived an 
improvement in his index telegraph, which was 
described by Professor Faraday in a lecture at tlie 
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Royal Institution in June last. Its chief merit, how- 
ever, consists in the heauty of the mechanism, for 
it le essentially the same as the index telegi-aphs he 
and others have previously invented, with the sub- 
stitution of magnoto-electricity for the moving force. 

Having now traced the history of the invention of 
the instruments by means of which messages may be 
ti-ansmitted, it becomes necessaiy to describe the 
methods employed for making the electrical connec- 
tion from one place to another. This part of the 
electric telegi-aph system ie, after all, the most essen- 
tial to its efficient working, and bears the same rela- 
tion to the transmitting instruments that the structure 
of a railroad does to locomotive engines in the syetena 
of railway conveyance. 

The fact that an electric cun-ent might be sent 
through a long circuit had been established by Dr. 
"Watson, in conjunction with other Fellows of the 
Eoyal Society, in 1747, when they sent the charge of 
a Leyden jar through two miles of wire, supported 
upon short sticks driven into tlie ground ; the wire at 
each terminus being connected with the earth for the 
return current. This method of insolation and con- 
duction fully answered the purpose, and served to de- 
termine the gi-eat velocity with which electricity is 
transmitted, for no perceptible interval occurred be- 
tween the dischai'ge of the Leyden jai' at one end of 
the circuit, and its effect at the other extremity. 

Mr. Eonalds made the next experiment on an ex- 
tensive scale, by insulating eight miles of wire in glass 
tubes, the wire being carried backwards and forwards 
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for that distance on his lawn at Hammersmitli, That 
mode of inBulation wae found very efficient. It was, 
indeed, too perfect, for the difficulty arose of diecharg- 
ing the electricity from the wii-e after the charge had 
passed through it. 

The length of telegraphic coramunieation estab- 
lished at Munich, in 1837, by Dr. Steinheil, was an 
important practical advance in the system of extend- 
ing and insulating the wires, and deserves considera- 
tion, not only from the extent to which it was carried 
into practical operation, but from the circumstance 
tliat the earth was employed to form the return cir- 
cuit. The wirea appear to have been carried through 
tlie city by extending them from the church towers 
and other elevated building. That plan, indeed, pre- 
sents so many facilities for passing telegraph wires 
through towns, that it is not improbable it may be 
ultimately adopted in this country. 

Though the conducting power of the earth was 
thus early made, use of for one-half of the circuit, the 
fact seems to have been unknown in England at tlie 
time of laying down the telegraph "wires to Slough in 
1845, for a separate wire was then used for the retura 
current. Some years afterwards, indeed, Mr. Bain 
laid claim to the discovery ; but the fact that the con- 
ducting power of the earth had been previously 
applied to the purpose by Dr. Steinheil has been in- 
con testably proved. 

In the early stages of the practical application of 
electric telegraphs in this country, 'Mi: Cook took an 
active part in overcoming the numerous difficulties 
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attending the proper protection and insulation of the 
wires. In tJie firat instance, the plan of burying the 
■wires in trenches was 
tned, but with very indif- 
teient snccess, as the as- 
phxltum and other resin- 
ous substances with which 
it v, as attempted to insu- 
late them were inadecLiiate 
foi the purpose, and allow- 
ed the electj-icity to escape 
liom wire to wire. The 
method of supporting the 
■wucsoii tall poets was then 
adopted by Mr. Cooke, the 
wires being insulated, from the posts at the points of 
suspension, by passing them tliroagh quills. Vanous 
improvements have since been made in the insulators, 
and the plan most in favour at present is to pass the 
wires through globular earthenware or glass insula- 
tors, attached to the posts, as shown in the annexed 
diagram. The wires themselves ai'e about one-sixth 
of an inch in diameter ; they are made of iron coated 
with zinc, or galvanized, as it is termed, to protect 
them from nist. 

Jifotwith standing the great care taken to insulate 
the wires at the posts, a large quantity of the elec- 
tricity escapes in wot weather, and returns to the bat- 
tery without having reached the most distant stations, 
and thus not unfrequently the communications are 
interrupted. The author is of opinion that the loss of 
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electricity in wet weather is occasioned rather by 
communication from one wire to another through the 
moist atmosphere, than by detective insulation at tJie 
posts. In confirmation of this opinion it may be 
stated, that he has experimentally determined that a 
worliing electric current might be ti'aiianiitted from 
London to Liverpool, if all the points of attachment 
were connected hy water witli the surface of the 
ground, provided that the rest of the wii'e were in- 
sulated.* 

The use of gutta percha as an insulating covering 
for wire has given rise to a new era in telegraphic 
communication, Gutta percha is an excellent insu- 
lator, and wire covered with two coatings of that 
material, about one-aixteenth of an inch each, is so far 
protected, that 100 miles of it immersed in water 
transmits an electric current from a powerful voltaic 
battery with very trifling loss. This perfection in in- 
sulation has gi'eatly facilitated the establishment of 
telegraphic communication hetween England and the 
Continent. The first attempt to establish a submarine 
circuit between Dover and Calais took place on the 
28th of August, 1850. A single copper wire, about 
the thickness of a common bell wire, coated thickly 
with gutta percha, was laid across the English Chan- 
nel experimentally, without any protection. It proved 
sufficient for the transmission of an electric current, 
and several messages were sent through it between 
Dover and Calais ; but it was far too feeble to resist 
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the action of tJie waves, and the following day it was 
cut through hy friction against the rocks, and the 
coiumTinication was stopped. 

The plan afterwards adopted for a permanent sub- 
marine line was to encloBe live similar wires in a 
hollow iron wire cable. The wires were first slightly 
twisted, to prevent them from being broken when 
stretched. They were then covered with hempen 
yam, to protect the gntta percha from attrition, and 
they were thus introduced into the hollow cable, of 
which they formed the core. The accompanying 
woodcut represents this structure of the cable ; the 




five twisted wires are shown at (7/ S represents the 
same covered with hemp yarn : and A a portion of 
the completed cable, constructed of thick iron wire 
galvanized. This cable has now been laid down for 
seven yeai-s, and with perfect success. Its strength 
has often been severely tested, as it has been some- 
time drawn up by ships' anchors, and considerably 
strained ; but it has not been broken, and the insula- 
tion is almost perfect. The success of this submanne 
cable has induced the extension of that means of com- 
municating with the Continent, and similar subma- 
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rine telegraph cables have been laid down from Dover 
to Ostend, from Harwich to the Hague, from Scotland 
to Ireland, and across the Mediterranean Sea as fai" 
as Malta. The weight and the cost of those cables 
present a serione obstacle to their adoption in forming 
a telegraphic communication witli America; and 
when it was determined to attempt to establish elec- 
tiical connection with the New Woi'ld, a different 
form of cable was adopted. The condnctor of the 



' tlantic cable is 
i composed of seven strands of fine copper 
} wire twisted together, the aggregate thick- 
ness of which is not greater than the single 
coppei wiie of other submarine cables. This fine 
coppei cold is covered carefully with gutta percha; 
it is then coated with tarred hemp, and is protected 
externally by an iron wire rope, composed of nume- 
rous sti-ands of fine wire. The form and exact size of 
the cable are shown in the accompanying drawing 
and section. The central dots in the section are the 
conducting wires round which are the gutta percha 
and hemp, and the outer rim represents the iron ■wire 
easing. 

The successful laying down of so frail a cable, after 
many failures, affords good ground for hoping that, 
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With tliG experience already gained, s 
■will prove more satisfactory and much less expensive 
than this first attempt to establish telegraphic com- 
munication with America. The most cLuestionable 
part of the problem has, indeed, been already solved ; 
for tJie transmission of electric signals, through that 
length of submorgod wire, was at one time doubted ; 
and tljougli the communication through the present 
cable has ceased, it has sufficiently estabhahed the 
fact, that telegi'aphic communication with America is 
a practicable undertahing. 

The excellent insulation obtained by means of 
gutta percha covered wires has caused a return to the 
original plan of burying the wires in trenches in the 
ground. The British and Submarine Telegraph Com- 
pany make all their communications by that means ; 
the number of coated wires required being enclosed in 
iron tubes, and laid in the ground along the common 
roads. That plan is, however, attended with consider- 
able disadvantages. In the first place, the et^t of the 
coated copper wire is more than quadruple that of 
galvanized iron wire; and though copper, compared 
with iron, offers only one-seventh part the resistance 
to the transmission of electricity, yet the thin wire 
employed is scarcely equal in conducting power to the 
galvanized iron wire usually supported on posts. The 
quantity of electricity transmitted is therefore less, and 
the comparative intensity of it is greater. 

Another diificulty attending the use of insulated 
wires buried in the ground arises from a very peculiar 
condition of electrical conduction, that could scarcely 
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have been anticipated. The wire, coated with gutta 
percha, and surrounded externally with water or with 
iDoiet earth, becomes an elongated Leydenjar; the 
gutta percha representing the glass, the wire the in- 
side coating, and the water the conducting surface 
ouifiide. Thus, when electricity is transmitted througli 
such a medium, a portion of the charge ia retained 
after connection with the battery has been broken. 
This effect increases with the length of the wire and 
the intensity of tJie current ; and it materially inter- 
feres with the worldngof many telegi'aph instruments. 
In some experiments with the copying telegraph at 
the Gutta Percha Works in the City Hoad, it was 
found tiiat through a circuit of 50 miles of wire im- 
mereed in water, the mark made by electro-chemical 
decomposition on paper had a tendency to become 
continuous ; 80 that instead of ceasing to mark, when 
the vai-nish internipted the current, a line was drawn 
continuously on the paper, though the stronger marks 
where the cm'rent passed were sufficient to make the 
writing legible. The retention of the charge was also 
shown etill raoi'e remarkably by the explosion of gun- 
powder by the electricity retained in tlie wire half a 
minute after connection with the battery had been 
broken. It is owing to the retention of the electricity 
by the wire that the slowness with which the mes- 
sages through the Atlantic cable were transmitted is 
to be attributed, and not to the lengt,h of the cable. 
The rate of one word a minute was the average speed 
of transmission when the Jirst messages were sent 
through the wire. The effect of the retardation of the 
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electric current is comparatively insignificant and were 
it not for the peculiar action of the surrounding water, 
the messages might have heen traneraitted twelve 
times faster than they wei'e. 

The cost of constructing a telegraphic line has 
gi'eatly diminished with the increased facilities of in- 
sulating the wires, and since the expiration of patents, 
which conferred a monopoly on certain plans of doing 
so. The cost to the Great Western Railway Company 
for a line of six wires to Slough, was £150 per mile, 
with comparatively low and slender posts and veiy 
imperfect insulation. The cost of the same number 
of wires at the present day would not be one-half that 
sum, with thicker wires and better insulation. 

It is customary in England to restrict the suspen- 
sion of telegraphic wires to railways, from the notion 
that the protection of railways is necessary to prevent 
wilful damage to the wires ; and as tlie Elective Tele- 
graph Company have made exclusive arrangements 
with all tlie railway companies out of London, the 
competing telegraph companies have preferred to lay 
their wires underground rather than incur the sup- 
posed risk of damage to the wives if suspended from 
posts on common roads, though by this means the cost 
of construction is at least quadrupled. The protection 
which railways afford is, however, more imaginary 
than real, for any one inclined to interrupt the com- 
munication could easily do so ; and if on common 
roads proper precautions were taken in fixing the posts, 
and a heavy penalty were imposed on wilful offenders, 
the common roads and open fields would, there can 
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be little doubt, offer as safe a course for the t 
wires as railways. 

The conducting power of the earth is now em- 
ployed by all electric telegraph companies for one-half 
of every circuit. Thus, whether a communieation be 
sent from London to Liverpool, to Edinburgh, Paiis, 
or Brussels, the moist oarth serves to complete one-half 
of the communication. In the telegrapliic circuit be- 
tween London and Liverpool, for example, the insu- 
lated wire is connected at each end with the earth 
by being soldered to a copper plate, which is buried 
a few feet underground, so as to insure its being 
always sun-ounded with moisture. To improve the 
connection of this plate with the earth, ifc is customary 
to bury with it a tjuantity of sulphate of copper, the 
solution of which surrounds the earth-plate with a 
better conducting liquid than water, and thus extends 
the connecting surface. The gas pipes or water pipes 
are sometimes employed for the attachment of the 
wires instead of an earth-plate, but the latter is gener- 
ally preferred. 

Li arranging a telegraphic circuit, the voltaic 
batteries and the instruments are inti'odueed at brealis 
in the telegi'aph wire. The course of the electric cur- 
rent is from the copper end of the battery through the 
transmitting instrament, then along the wire to the 
receiving instrument ; from that ifc passes to the earth 
audia thus returned to the transmitting station, where 
it completes the circuit by being conducted from the 
earth-plate to the zinc end of the voltaic battery. TJie 
an-angement for completing the circuit will be more 
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clearly mh del-stood by reference to the accompanjing 
diagram. 



Tlie wire from C, wliieli ia the copper pole of tlie 
voltaic battery, is connected with the inBti-nment A ; 
tlie electric cniTent is then transmitted along the wire 
D to the receiving instrnment B ; tlienee it is trans- 
ferred to the oai-th-plate ^ passes through the earth to 
the corresponding plate -£"', which is connected with 
Z, the zinc polo of the battery. When a communica- 
tion is returned from £ to ^1, a similar ai'rangement 
is made ; the wires connected with the instruments 
being so arranged as to bring into action a voltaic 
battery at B, and to throw out of circuit the one at 
A ; for the connection with the battery is only made 
when the transmitting instrument is worked. 

Since all the electric telegi-aphs in different parts 
of the world are connected with the earth, as one por- 
tion of the circuit, it might be supposed that the 
various currents would mingle, and occasion a con- 
fusion of messages ; but it must he borne in mind tliat 
no electric cun-ent is formed until a communication be 
made from one pole of a voltaic battery to the other, 
and as such communication can only be completed 
through the insulated wire, the earth-cun-ents cannot 
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mingle, but each one passes to the proper tenniniia of 
its respective battery. The accompanying diagram 
and explanation may serve to remove the difficulty of 
understanding why the two circuits are maintained 
qnite distinct. 



^ M^k»WJ^J.gWW.F 



The le^tel■8 A B represent the wires making com- 
munications between the battenes D and £J, and the 
telegraph instruments J td tiie receiving station. 
The electricity from the copper end of tlie battery D 
would be conducted along A through the instmment 
/, and by the wire ^to the eartli-plate H. It would 
be then transmitted through the eai'th on its return to 
the battery, in the direction of the arrows, to the other 
earth-plate <?, and thence it would find its way to the 
zinc pole of the battery i?, and complete the circuit 
In the same manner, the electric current from the 
copper end of the battery £! would be transmitted 
through the wire S, and would complete its cun'ent 
also by means of tlie earth-plates (? II, and would 
li'iiverBe the course indicated by the arrows, and re- 
turn to the zinc end of JE. Though both electric 
currents ti-averee the same wiro from the instruments 
T to the earth-plate JT, and are thence transmitted 
through the earth to a single plate, (?, at the trans- 
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mitting etation, there is no mingling of currents, the 
electiic cim-ent of each battery being kept as distinct 
as if separate wires were used both for the transmitted 
and the return current. It would, indeed, be as im- 
possible for the separate currents transmitted from the 
two batteries to be mingled together, as it would be 
for the written contents of two letters enclosed in the 
same mail-bag to intermix,* 

The length of telegraph Hnes at present laid down 
by the several telegraph companies in Great Britain, 
exceeds 10,000 mUes. To complete those lines re- 
quired 40,000 miles of wire, and there are 3,000 per- 
sons engaged in tlie transmission of telegraphic 
intelligence. 

In North America there is a direct communication 
from New York to New Orleans, a distance of 2,000 
miles, through the whole length of which wires 
messages can be transmitted without any break. 
"Wires have also been snspended on lofty posts across 
the Indian Peninsula, where no railways have been 
yet laid down. Lines of insulated wire, partly sub- 
merged in the sea, partly buried underground, and 
partly suspended on posts in the air, place London 
and Vienna in direct communication; and other tele- 
graph lines are in the com'se of construction, which 
will unite London with Africa : and a complete net- 
work of telegraph wires is spreading over the face of 
Europe. 

It will not be long before this system of eommuni- 

" "Manual of Eleclrieitj," sctoud ertition, p. 247. 
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cation is connected with a similar one in America. 
The failure of the cable already laid dow n has con- 
firmed the opinion of the author, expressed m pipeiB 
read at meetings of the British Association toi the 
Advancement of Science, and in his woik on Elec 
tricity, that the conducting wire should be 'inihciently 
strong to be eelf-protectivo, without requinng an es- 
ternal coating of iron wire rope. A conducting cop- 
per wire, a quarter of an inch in diametei, eoveied 
with gutta percha and tai'red hemp, would be more 
flexible and stronger than the combined cable ; and 
it being a much better conductor of electricity, the 
rapidity of transmission would be greatly increafied. 

The effect of the establishment of competing tele- 
graph conipaiiies in England has been to diminish the 
charge for transmitting messages, in some instances 
to one-fifth of the rate formerly demanded ; and 
when further experience in the construction of tele- 
graphic lines, and the adoption of more rapidly trans- 
mitting instruments, have facilitated and improved 
the means of communication, we may anticipate that 
eoiTespondence by Electric Telegraph will in a great 
e euperaede the ti-ansmission of letters by post. 
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The invention of Electro-Magnetic Clocks closely 
followed the introduction of the electric telegraph; 
and Professor Wheatatone, to whom the world is 
principally indebted, in conjunction with Mr. Cooke, 
for the perfection and application of the needle tele- 
graphic inetniment, claims also to be the original in- 
ventor of Electro-Magnetic Clocks. Ilia claim is, 
however, disputed by Mr. Bain, who asserts that he 
was the firet who conceived the idea of applying the 
power of electro-magnets to the regulation and move- 
ments of clocks, and it must he admitted that he 
brought the invention into a woj-king state. 

In the first stage of the inveniion, the object at- 
tempted to be attained was to regulate several clocks, 
once an hour — or oftener, if reijuired — so that they 
might all indicate precisely the same time. For 
this pui-pose Mr. Bain took for a standard time-keep- 
er a clock of the best possible construction, placed in 
circumstances favourable to maintaining accuracy. 
The minnte-hand of his clock, the instant that it 
pointed to the hour, made connection with a voltaic 
battery that brought into action a series of electro- 
magnets attached to the clocks to be regulated ; one 
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of tliera being fixed on tlie top of each eloclr. Its 
momentary action was made to collapse a pair of 
clippers, which in closing seized the minnte-hand of 
the clock to which it was attached, and brought it to 
tlie hour point. Thns all the clocfes in tlio series 
could be regulated eveiy hour, for the collapse of 
the clippei-s pushed the hand forward if it were too 
late, or thrust it back if it had gained. Mr. Bain 
contemplated the application of this contrivance to 
all the public clocks of a town, by having wires laid 
down in the streets to connect them in one voltaic 
circuit. Such a plan would, however^ have involved 
greater expense and trouble in its accomplishment 
than the object seemed to merit; but the regulation 
of any number of clocks in a large establishment 
might have been practicable by that means. "We are 
not aware, however, that this mode of regulating 
clocks by electricity was ever adopted, and it has 
since been superseded by an aiTangemenfc made by 
Mr. Shepherd, junior, to bo presently noticed. 

Improving on this first application of electro- 
magnetism to the regulation of clocks, Mr. Bain 
afterwards employed the power to keep the clocks 
in action, so that each clock might be propelled by 
magnets alone, without any weight, and without the 
ordinary train of wheels. 

Every one acquainted with the mechanism of a 
clock is aware that the weight communicates motion 
to a train of wheels, and that the movement is regu- 
lated by the vibration of a pendulum, which is acted 
on by the last wheel of the train. That wheel, called 
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the escapoment, is so formed, tlia,t each tooth catches 
in Bucceseion into a detent fixed on the pendulum 
near the point of suspension, which allows one tooth 
to pass at each double vibration. The pendulum, 
therefore, goTerns tlie movement of the train of 
wheels hj checking the escapement, and allowing 
the teeth to pass one by one ; and as pendulums of 
given lengths vibrate in given times, if their actions 
be not interfered with, the cloclcs will keep regular 
time. But the pressure of the escape-wheel against 
the detent, and the conseq_uent friction, prevent the 
pendulum from acting freely. In the best mads 
clocks there are special contrivances to detach the 
pendulum as much as possible from the wheels, and 
likewise to compensate for variations in the length 
of the pendulum by change of temperature. 

In the clocks actuated by electro-magnetism, the 
movement of the pendulum is not maintained by 
repeated impulses of the escape-wheel, as in ordinary 
clocks, but by magnetic attraction ; an electro-mag- 
net being so arranged as to attract the bob of the 
penduhim in both directions alternately. In Mr. 
Bain's arrangement, the bob of the pendulum is 
formed of a hollow coil of covered copper wire, 
which, on the ti-ansmission of an electric cun-ent, 
becomes magnetic, and it is then attracted by several 
permanent magnets fixed in a hollow horizontal bar, 
over which the coil of wire moves. The accompany- 
ing diagram will serve to explain more clearly the 
pai-ts of the clock on which the movement of the 
pendulum depends. 
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The pendulum rod, B, is made of wood, and the 
bob, A, consists of a hollow coil of thick copper wire 
covered with cotton, through which the hollow bar, 
O O, passes. Inside that bar there are several perma- 
nent magnets, packed on each side of the ends of the 
coil of wire, the poles of those on one side being the 
opposite of those on the other. In the diagram only 
one magnet on each side 
is represented, n and s, to 
prevent confusion, Tlie ends 
of the coil of wire are at- 
tached to the pendulum rod, 
and they are conducted up 
it so as to form connection 
with the wires of the voltaic 
battery, which are connected 
with gold studs inserted into 
a horizontal stage fixed to [ 
the clock-case. A small 
movable bridge, formed of 

wire, and having the ends tipped with gold or plati- 
num, rests upon the stage, and is shifted from side to 
side by the pendulum. In these movements the gold 
points touch and slide over the gold stnds in the stage, 
and thereby make and break contact with the voltaic 
battery, and alternately send and interrupt an electric 
current through the coil of wire. 

Suppose, for instance, that the pendulum is about 
to rise to the right towards s, at which time the 
voltaic circuit is completed. The coil is, therefore, 
magnetic, and is atb-aeted by the permanent magnet 
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in C. As the pendulum approaches the end of its 
swing, it pushes the movable bridge away from the 
gold studs on which it rests, and time breaks connec- 
tion with the voltaic batteiy, and the pendulum 
3 unresti-ained by the attractive force of the 
As the pendulum descends towards its 
: point, it shifts the bridge on to the metal studs 
on the other side, whicli are so disposed as to send 
a current through the coil in a direction opposite to 
the former, so tliat the poles of the voltaic battery are 
reversed, and the attractive force is exei'ted in draw- 
ing the pendulum towai-ds the left hand. In this 
manner the power imparted to the coil, aa the pen- 
dulum vibrates to and fro, produces a continuous 
repetition of the attraction on each side alternately, 
and maintains a constant action. 

The only wheels required in a clock of this kind 
are those which turn tho hands ; and the motion is 
communicated from the pendulum to the seconds 
wheel by means of a small attached lever, working 
on a ratchet wheel. The minute and the hour hands 
derive* their movements from tho seconds wheel in 
the usual manner. 

The voltaic batteiy employed to work Mr. Bain's 
clocks consists of a pair of large copper and zinc 
plates buried in the moist earth, which excite a suffi- 
cient amount of elech'icity to maintain the motion of 
the pendulum. A battery of this Ifind will remain in 
action a long time, and will serve to keep a clock 
going for several months. It is, indeed, a near 
approach to the attainment of perpetual motion, 
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since nothing "but the wearing away of tlie materials, 
or the aeeiimulation of duat on the connecting points, 
seems to prevent the realization of that mechanical 
chimera. 

There is a disadvantage attending the arrangement 
of M]'. Bain's clocks, arising from the attachment of 
the pendulum to the wheels ; and as the moving force 
is derived directly from voltaic electricity, any vai'ia- 
tion in the power of the hatteiy causes variation in 
the lengths of the vibrations, and produces irregularity. 
For the purpose of remedying these defects, Mr. Shep- 
herd, junior, has adopted an arrangement which de- 
taches the pendulum from the clock movement, and 
makes its vilarations altogether independent of the 
varying force of voltaic batteries. 

In Mr. Sheplierd'e arrangement, the impulse of 
the pendulum is given by successive blows from a 
spring, which is drawn back and then Hberated at 
each vibration. The hands of the clock are also moved 
by electro-magnets, by which means the impelling 
forces and the resistances encountered by the pendulum 
are always constant. By making the pendulum thus 
independent of the works, and employing it merely to 
malce and break contract at regular intei-vals, any 
number of clocks in the same establishment may be 
set in motion, and kept exactly together, by a single 
pendulum. 

The large clock over the principal entrance to the 
Great Exhibition was on tliis construction. It would 
have been impossible, with any approach to regularity, 
to have moved hands of that size, exposed as they 
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were to the wind, unless tlie pendiiliim had been in- 
dependent of snch resistances. 

Electro-Magnetic Oloclis have not yet come into 
general use, pai-tly owing to imperfections in the bat- 
tery connections, which occasionally put a stop to 
their movements, but principally on account of the 
high prices chai"ged by the patentees. As no trains 
of wheels are re(jiiisite in an Electro-Magnetic Clock, 
it might be niannfactured very cheaply; and when 
the price is reduced to its proper standard, and the 
tiifling practical defects are remedied, these clocks 
may possibly supersede others. 



Hosted by Google 



ELECTBO-METALL UEGT. 

The electrotype, electro-gilding and plating, and 
the other applications of the depoaition of metals 
from their solutions, by the agency of voltaic elec- 
tricity, had their origin in the chance observation of 
peculiai'ities in frequently repeated experiments. In 
this, as in most other inventions, there are contending 
claimants for priority ; but there is little merit due to 
any of the first discoverer of the process, who seem 
to have been guided altogether by accident. It seems 
strange, now, on observing the extensive use that is 
made of tlie deposition of metals, that it should have 
remained so long unapplied after the principle had 
been known. 

The " revivification," as it was called, of metala 
from their solutions by voltaic electi'icity, was known 
at the beginning of the present century ; for, in 1805, 
Brugnatelli, an Italian chemist, gUded a silver medal 
by connecting it with the negative pole of a voltaic 
battery, when immersed in a solution of ammoniuret 
of gold. It did not occur to him, however, that any 
use could be made of that mode of gilding, and the 
experiment had no result. 
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Hotbiog further was done, even experimentally, 
towards advancing the art of electrofcyping, until Mr. 
Spencer, of Liverpool, when experimenting with a 
Bauiell's batfcerj, in 1837, accidentally coated a penny 
piece with copper ; and when the thin sheet of metal 
was removed, he found on it an exact counterpart of 
the head and letters of the coin. Even this did not 
suggest any iiseful application ; nor was it until, by a 
further accident, a drop of varnish fell on the copper 
of the negative pole, and showed that no deposition 
took place on the part so covered, that tiie idea oc- 
curred to him of turning the deposition of the copper 
to account. The method he adopted of doing so was 
to cover a copper plate with vai-nish or wax, and to 
etch a design through the covering. By then expos- 
ing the plate to the action of a aolntion of sulphate of 
coppe]', when in connection with the negative pole of 
a voltaic battery, the metal was deposited in the lines 
drawn through the varnish, and a design in relief was 
fixed to the copper. This slight advance in the art was 
not made known until it was announced, in 1839, tliat 
Professor Jacobi, of St. Petersburg, bad made appli- 
cation of the same process, Mr. Spencer, indeed, was 
forestalled, even in thia country, by Mr. Jordan, a 
printer, who published an account in the Mechanics' 
Magazine for May, 1839, of a method of making cop- 
per casts by the deposition of copper from its solution. 
In the autumn of the same year, however, Mr. Spen- 
cer exhibited to the British Aesociation several more 
perfect specimens of electrotyping, that showed the 
process might be I'endered valuable ; and from that 
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time rapid progress was made in bringing it into prac- 
tical operation in a vai'iety of ways. 

The deposition of copper from its solution, when 
under the action of voltaic electricity, is not produced 
by the decomposition of tJie sulphate of copper, as 
might be supposed, but by the decomposition of the 
water that acts as the solvent of the metallic salt. 
Thus, when two platinum wires from the poles of a 
voltaic battery are inti-oduced into acidulated water, 
hydrogen gas is disengaged at the wire connected 
with the negative pole, and oxygen at the other ; but 
when a solution of sulphate of copper is substituted 
for water, the hydrogen that is disengaged combines 
with the oxygen that held the copper in solution, and 
tlie metal is liberated. The copper thus liberated 
from its combination with the oxygen is deposited, in 
a pure metallic state, on the suri'ace connected with 
tJie negative pole of the battery. 

The simplest illustration of electro -metallic depo- 
sition is obtained by immersing a silver spoon and a 
strip of zinc into a solution of sulphate of copper. So 
long as the two metals are iept apai't, no change 
takes place on the silver, but on bringing them into 
contact, voltaic action immediately commences, and 
a coating of copper is deposited upon the spoon, and 
adheres firmly to the metal. If the action be con- 
tinued, and the supply of copper be maintained by 
the addition of iresh crystals of the sulphate, the coat 
of copper may be increased in thickness to almost 
any extent. 

Tiie first applications of the discovery were directed 
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to the copying of medals and coins. An impveasion 
of tlie metal was obtained in fusible metal, which is 
an alloy composed of tin, lead, and bismuth, melted 
together in the proportions of two of the latter to one 
each of the former. This alloy expands on cooling, 
and thus affords a very shai-p impression of the medals ; 
and as it melts at a low temperature, it may be easily 
removed after the copper coating has been deposited 
upon it. 

An electrotype mould, obtained directly from the 
medal, is, however, more sharp in its definition than 
an impression, and is therefore preferable, when cir- 
cumstances admit of its being so taken. For thatpur- 
poae, the surface whereon the deposition ia to be made 
is smeared over with sweet oil, or with blaet lead. It 
is then carefully wiped with cotton wool, bnt a minute 
quantity of the oil will still remain, sufficient to pre- 
vent the metal from adhering. 

A simple form of apparatus for the electi'otype 
process is shown in the accompanying diagram. 

An earthenware jar, a, serves to hold the solution 
of copper, which should be maintained in a saturated 
state by the addition of crystals of the salt, A porous 
tube, 5, holds a rod of amalgamated zinc, to the top 
of which a binding-screw is soldered. The copper 
mould or medal, o, is suspended in the solution by a 
wire, which is held tight by the binding-screw, d. 
The porous jar is then filled to the same height as the 
copper solution in the jar with diluted sulphuric acid, 
in the proportions of one of acid to twenty of water. 
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Voltaic action immediately 
commencee, and the coppei 
will continue to be deposite 1 
fi-om the solution aa long as 
the supply of fresh ciystals 
of sulphate of copper is co i 
tinned. In about twenty-foui 
hours the coating of copj ei 
■will be as thick as a thm 
card, and it may he tlien ic 
moved. When detached fi 1 1 
the medal, it will be found t 
be an exact conntorpart, i 
the minutest details, of tl e 
original ; those parts of the 
medal which are in relief beii 
in the mould. 

The extreme minuteness and delicacy of the elec- 
trotype process is strikingly exemplified in its appli- 
cation to the transference of engraved copper-plates, 
A highly finished engraved copper-plate has a film 
of metal deposited over its whole surface, which, when 
detached, exhibits all the lines that are cut into the 
copper-plate in relief. That electrotype cast then 
serves as the mould for further depositions, in which 
every line in the original engraving is so perfectly de- 
veloped, that it is impossible to detect a difference in 
the impressions taken from the two plates. By this 
means any number of easts may be made and worked 
from, whilst the original is prestu-ved nniujured. The 
objection to this application is that the metal depos- 
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ited is not bo hard as tlie hammered plates, and wiil 
not, therefore, bear the wear and tear of copper-plate 
printing so well as the plates made by hand. 

It was at one time supposed that tJie depositing of 
inetal on surfaces, hy voltaic action, might be applied 
to the manufacture of numerous kinds of copper 
articles without manual labour, Tor this purpose, 
casts were made of plaster of Paris, which were 
covered with black lead, to give thera the property 
of conducting electricity, and the metal was tlien de- 
posited upon tiiem. But, independently of the prac- 
tical difBculties attending the operation, it was found 
that the metal was not sufficiently hai-d, and the cost 
of the req^uisite voltaic batteries rendered the economy 
of the process questionable 

One of the Buccessfnl applications of Electro-Metal- 
lurgy is founded on the original application of it by 
Mr. Spencer. As already stated, he covered metal 
plates with wax, and after scratching through the 
coating, and exposing the metal, he submitted the 
plate to voltaic action in a solution of sulphate of 
copper, and thus obtained a representation, in relief, 
of the figures cut through the wax; hut he does not 
seem to have thought of tlie application of this mode 
of deposition, since adopted, by which engravings in 
relief are obtained, and printed from with the ordi- 
nary letter-press, in the same manner as woodculs. 
The name given to this new art is " Glyphography," 
and it is used with great advantage when the effect 
of copper-plate engraving is required ; for cross lines, 
which ai-e ditScnlt to cut in wood, can be worked by 
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this method with as great facility as in copper-plate 
etching. 

Another application of Electi-o-Metallnrgy that 
promiseB to be usefal, is the coating of gl^e and earth- 
enware vessels with copper, so as to enable them to 
be placed over the lire without being cracked. A 
glass sauce-pan might thus be made, which, pro- 
tected by metal covering, would neither break nor 
crack when placed upon the Are, because the metal 
would diffuse the heat over the whole surface, and 
prevent the unequal expansion of the vessel, which is 
the cause of the cracking of gl^s and earthenware 
when placed upon the fire. A patent was granted 
last year for a mode of coating earthenware vessels 
with copper or iron by electro -chemical deposition. 
The earthenware is first covered either with copper 
leaf or with bronze powder, to obtain an electrical 
conducting surface on which the copper can be de- 
posited, and the vessel is then placed in a solution of 
sulphate of copper, and put in connection with the 
negative pole of a voltaic battery. 

Tlie electrotype is frequently applied with advan- 
tage to the preservation and multiplication of objects 
of art and natural productions, for even the forms of 
flowers may be in this manner rendered durable ; but 
the most important use that has been made of the 
process is in plating and gilding. To effect that ob- 
ject, it is necessary to employ a voltaic battery sepa- 
rated from the vessel in which tlie decomposition 
taliics place. The annexed diagram shows an arrange- 
ment of this kind. A single cell of a Daniell's bat- 
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tery, o, is connected hj wires from ite positive and 
negative poles, with metal rods placed across the 
decomposition cell, 5. The articles to be plated are 




suspended by wires from the metal rod,y, and a plate 
of silver is attached to the rod, e. Thus, when the 
vessel is filled with the silvering liquid, a voltaic cur- 
rent is established, and the deposition is effected on 
the articles connected with the negative pole. 

The menstraum best adapted for electi'O-plating is 
a solution of silver in cyanide of potassium. During 
the process of deposition, tlie same quantity of metal 
that is deposited from the liquid on the objects con- 
nected with the negative pole of the battery is re- 
stored to it, by dissolving an equal quantity from 
the silver plate connected with the positive pole, and 
in this manner the solution is maintained at the same 
strength. Any thickness of silver may be deposited 
by continuing the process, but about one ounce and a 
half to a square foot of surface is considered a full 
quantity. Those parts on which no silver is required 
to be deposited are covered with varnish or wax, which 
protects them from the voltaic action. 
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"Where tlie operation of electro-plating is carried 
on extensively, decomposing ti'onglie, holding nearly 
300 gallons, are employed, and the silver plates in a 
single trough expose a surface of thirty square feet to 
tho dissolving action of the menatruum under the in- 
fluence of the voltaic battery. 

By the aid of electro-plating the most elaborate 
designs of the artist in metal can be covered with sil- 
ver on every part ; and a group, finely engi'aved in 
copper, may be made to resemble in every particular 
a work cut out of solid silver. The metal is usually 
deposited in a granulated state, resembling " frosted " 
silver, and the parts recLuired to be bright are subse- 
quently burnished ; but by the addition of a few drops 
of the eulphuret of carbon to the solution, the silver 
may be precipitated perfectly bright. 
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The invention of Gas Lighting had its origin in the 
earliest times of history ; not, indeed, as we now see 
it, burning at the end of a pipe supplied with gas 
made artificially, and stored in gas-holders, but blazing 
from fisBures in the ground, supplied from natural 
sources in the bowels of the earth. The Greek fire- 
altaiB are supposed to have been supplied with gas, 
either issuing from bituminous beds, or made artifi- 
cially by the prieete, by pouring oil on heated atones 
placed in cavities beneath. Fountains of naphtha, and 
fires issuing from the earth at Ecbatana, in Media, are 
mentioned by Plutarch in his life of Alexander, and 
many other ancient historians record the knowledge 
of similai- instances of natiu'al g^ lighting. 

In later times, the inflammable gas issuing into the 
galleries of coal mines, and either exploding when 
mixed with atmospheric air, or blading as it issued 
from fissures iu the coal, afforded instances of the 
natural production of gas, the ignition of which too 
frecLuently proved fatal to those in the mines. 

A remarkable instance of the issne of inflammable 
gas into the shaft of a coal mine at Whitehaven, 
■which produced a blaae about 3 feet diameter and 
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6 feet long, is noticed in the " Philosophical Ti-ana- 
aetjons" of 1733. The part wlieiice tlie gas issued 
was vaulted off, and a tuhe was inserted into the 
cavity and carried to the top of the pit, where it 
escaped in undiminished quantity for yeai'e, and 
lighted the country for a distance of several miles. 
Many experiments were made with this large issue 
of gas, and it was proposed to conduct it in pipes 
to "Whitehaven, to light the streets of that town, but 
the proposition was rejected by the local anthorities. 

In China, naturally produced gas is used on a 
large scale, and was so long before the knowledge 
of its application was acquii'ed by Europeans. Beds 
of coal, lying at a gi'eat depth, are frequently pierced 
by the borers for salt water, and from these wells the 
inflammable gas springs up. It sometimes appears 
as a jet of fire from 20 to 30 feet high ; and, in the 
neighbourhood of Thsee-Lieon-Teing, the salt works 
were formerly heated and lighted by means of these 
fountains of fire. Bamboo pipes carry the gas &om 
the spring to the places where it is intended to be 
consumed. These canes ai'e terminated by tubes of 
pipe-clay, to prevent their being burnt, and other 
bamboo eanes conduct the gas intended for lighting 
the streets, and into large apartments and kitchens. 
Thus Nature presents in these positions a complete 
establishment of gas-light works. * 

Though the production of illuminating gas from 
natural sources had been thus long known, the idea of 

" "Treitiae on Coal Gae," by Samuel Ciegg, juu. 
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distilling it artificially from coal, for the pm-pose of 
illumination, did not occur until the end of the last 
century. Dr. Clayton, indeed, nearly arrived at the 
practical application of carburretted hydrogen, in 
173T, for he instituted experiments to prove that coal 
contains gas, nearly similar to that of tho " fire 
damp" in coal mines, and that it burns with a bright 
flame. At that time, however, the nature of gases 
was 80 imperfectly known, that he was unable to do 
more than discover that eoai possesses the property 
of giving out, when heated, gas that will burn with 
B bright light. 

In tho " Philosophical Transactions" of 1739, Dr. 
Clayton thus describes tho effect of the " spirit of 
coal," obtained by destructive distillation in an iron 
retort. "I tept this spirit," he says, "in bladders 
for a considerable time, and endeavoured several 
ways to condense it, but in vain ; and when I had a 
mind to divert strangers or friends, I has-e frequently 
taken one of these bladders, and pierced a hole in it 
■with a pin, and, compressing gently the bladder near 
the flame of a candle till it once took flre, it would 
then continue flaming till all the spirit was com- 
pressed oiit of the bladder ; which was the more 
surprising, because no one could discern any 
difference in the appearance between these bladders 
and those which were filled with common air." 

The first known application of coal gas to illumi- 
nation was made, in 1792, by Mr. William Murdoch, 
engineer at the Soho manufactoi-y, to whose great 
ingenuity the world is also indebted for the invention 
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of the first plan of a steam locomotive engine. * He 
was at that time oecnpied in superintending the 
fitting up of steam engines for the Cornish mines, 
and hie attention having been directed to the proper- 
ties of gas issuing from coal, he instituted a series of 
experiments on carbun'etted hydrogen, the practical 
result of which was the lighting of his house and 
offlcep, at Hednith, witii coal gas. The mines at 
which Mr. Murdoch worked being some miles distant 
fi'om his house, he was in the constant practice of 
filling a bladder with coal gas, in the neck of which 
ho fixed a metallic tube with a small orifice, through 
which the gas isBued. The lighted gaa issuing 
through the tube served as a lantern to light his way ; 
and as he thus proceeded along the road with the 
hght issuing from the bladder, the country people 
looked upon him as a wizai'd. 

The gas was generated by Mr. Murdoch in an 
ii-on retort, and collected in a common gasometer, 
from which it was conducted in pipes to the rooms 
to be lighted. He also, in an early stage of the in- 
vention, contrived a means for making tlie gas 
portable, by compressing it into strong ve^ela ; a 
plan which, a few yeai-s since, was adopted by the 
Portable Gas Company in London. 

Mr. Murdoch having proved the practicability of 
illumination by gas generated from coal, he continued 
his experiments to facilitate the manufacture of the 
gaa on a large scale, and for its more perfect puvifica- 

• See article, ■■Steam Carriagaa," page 35. 
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tion. The first puljlic display of its illuminating 
power was made at tlie rejoicings for the peace of 
Amiens, iii 1803, on wbich oecasion part of the work- 
shops of Messi's. Boulton and Watt, at Soho, was 
brilliantly illuminated with coal gas by Mr. Murdoch. 
In 1805, Messrs. Pliillipa and Lee, of Hanchester, 
had their extensive cotton mill fitted up with gas 
apparatus, under the superintendence of Mr. Mur- 
doch, and the quantity of light given out by the 
burners in all parts of the cotton mill was eqnal 
to that of 3,000 candles. * 

Notwithstanding these eminently successful ti'ials 
of gas lighting, the prejudice against innovation 
prevented, for several years, the extensive adoption 
of the plan. As every establishment using gas had 
to make it, and as the apparatus wae costly and im- 
perfectly managed, the expense in the first instance, 
the ti-ouble, aud the noxious smell, presented great 
obstacles to the introduction of that mode of illumina- 
tion. The popular notion, also, diat. streams of flame 
were rushing along the pipes produced an impression 
that gas lighting must be very dangerous, which 
it required time to disprove. It was not, therefore, 
till several years after the advantages and economy 
of gas had been practically established, that a public 

* It is slated in Mr. Oiegg'a " Treatise on Coal Gils," that Mr. Clegg, 
seti.j lighted ilia cotton mill of Mr, Henry Lodge, at Sowerby Bridge, 
near Halifai, a fortnight before the mill of Messrs, Phillips and Leo 
was so lighted. A friendly spirit of emulation is aaid to have esisted 
between Mr. Murdoch and Mr. Clegg in lighting those two mills with 
gas, each one endeaTOurlng to complete the work before the other. 
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company was formed, for laying down pipes to light 
the streets, and to convey the gas into houses for 
lighting shops. 

The person to whom the world is chiefly indebted 
for the practical application of gas lighting is Mr. 
Winsor, who had been a merchant in London. Being 
very sanguine as to the advantages to be derived from 
gaa lighting, and possessing an ardent temperament 
which no opposition could quench, he undertook to 
inti'oduce it to public notice, and to form a company 
for lighting the whole of England with gas. He hired 
the old Lyceum Theatre, which ho lighted with coal 
gas, and he there delivered lectures and exhibited ex- 
periments to show the benefits that would arise from 
the universal use of gas light, and coke fuel. He pub- 
lished an extravagant proepectas of a company to be 
formed, with the following title : — ■" A National Light 
and Heat Company, for providing our streets and 
houses with light and heat, on similar principles as 
they are now (1816) snpphed with water. Demon- 
strated by the patentee at No. 97, Pall Mall, where 
it is proved, by positive experiments and decisive cal- 
culation, that the destruction of smoke would open 
unto the empire of Great Britain new and nnpai'al- 
leled sources of inexhaustible wealth at this most por- 
tentous eiTsia of Europe. The serious perusal of this 
publication, and an attentive observation of the de- 
cisive experiments, will cany conviction to every 
mind." 

In this prospectus llr. "Winsor attempted to make 
it appear that by adopting his plan there would be 
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"a grand balance of profit for the whole realm of 
£115j000,000," and each shareholder of the company 
was promised, " at the lowest fialciilatiou, £570 for 
every £5 deposit." He entertained the notion of 
making the nse of gae and coice compulsory, by levy- 
ing a tax on all who obstinately refused to adopt what 
would he 80 much to their own advantage. This tax, 
he said, " cannot be oppressive in the least, becanse 
it falls on the obstinate only, who shall resist the use 
of a far superior, cheaper, and safer fuel." Not con- 
tent with the language of prose, Mr, Winsor vented 
his thoughts and feelings in numerous poetical effu- 
sions. The flights of his Muse, however, were not 
into the regions of sublimity, as may be perceived by 
the following specimen ; — 

" Muat Britons be condemned for crer to wallow 

In filthy soot, noxious smoke, tcaiE oil, and tallow, 

And their poisOQOua fumea for ever to swallow ? 

For with apariy soot, snui& and vapours, men hare oonetant strife, — 

Those who are not burned to death are smothered during life." 

Mr. Winsor's absurd statements — ^in the truth of 
which he potently beheved — and the wild, random 
manner of raaliing them known, excited much ridi- 
cule and opposition. Among his opponents was Mr, 
Nicholson, the editor of the Ohemical Refview, who 
not only challenged Mr, "Winsor's estimates, but the 
validity of his patent, on the ground that Mr. Mui-- 
doch was the original inventor. Mr. Winsor's plans 
and calculations were burlesqued in a cleverly writ- 
ten " Heroic Poem," published in a quarto volnme, 
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which, wliilet professing to extol the vii-tues of gaa 
and coke, quizzed its hero most uiimereifunj. The 
poem concluded with this address :-— 

"Andirlieii, eh, Winsor ! — distant be tlie dayl — 
Life's flame no louger shall ignite thj elaj, 
Thy pliosphnr nuture, actiTB elill, and briglit, 
Above us ebah diifuse poet obit light. 
Perhaps, translated to anotlicr spbere, 
Thy spbit — like thy light, refined and clear — 
Ballooned with purest hydrogen, shall rise, 
And add a PiTEMT tlanet to the sliiea. 
Then some enge Sidrophel, with Herschel eye, 
The blight WmsBnam Sidus shall descry ; 
Tho Foe Sfdlamm shall record thy name, 
And thine outliTe another Winsoc'a fame." 

" Though we may smile at Mr, "Wineor's extraTa- 
gant plane and calculations," observes the Journal of 
Gas LigJhtm^, " we cannot but admii'e the enthusiasm 
with which he pursued his object, and ultimately suc- 
ceeded in establishing the first gas company. The 
lighting of Pall Mall with gas, in the spring of 1807, 
gave increased stimiilus to the project, and applica^ 
tion was made to Parliament to carry it into effect 
The bOl was opposed by Mr. Murdoch and thrown 
out; but in tho following year (1810) the application 
was successfully renewed. The scheme, however, as 
sanctioned by Parliament, was sadly shorn of its mag- 
nificent proportions; and, instead of a 'Grand l^a- 
tional Light and Heat Company, for Lighting and 
Heating the "Whole Kingdom,' its operations were 
limited to London, Westminster, and Soutbwarls ; nor 
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were any special taxes imposed on those who ehould 
obstinately refuse to use tJie light and burn the coke. 
The Chartered Gas Company, established by Mr, 
Winsor's pereevering efforts, has served as the guid- 
ing stai' to all other gas companies in the world.'" 

The illnminating property of coal gas depends on 
the quantity of carbon it contains. Pure hydrogen 
gas burns with a pale blue flame that gives scarcely 
any light, though it possesses intense heating power. 
If, however, minute particles of a solid body — pow- 
dered charcoal, for instance— be thrown into the flame, 
they become whiie-hot, and the incandescence of those 
solid particles produces a brilliant light. The same 
effect is caused by the combustion of the carburretted 
hydrogen gas, and in a more perfect manner. That 
gas contains a large portion of carbon in a state of 
vapour, and when a light is applied to a jet of the 
gas the hydrogen immediately inflames, the carbon 
is deposited in the flame, and the mimite particles 
into which it is disseminated become highly heated 
and ignite. 

There are two distinct states of carbonization in 
illuminating gas. The commoner kind — the ordinary 
coal gas — consists of two measures of hydrogen mixed 
with one measure of carbon vapour. The specific 
gravity of such gas is about one-half that of atmos- 
pheric air, and it is eight times heavier than pure 
hydrogen.* The best kind of gas for illumination is 
" The facility witli wMoh u supply of carburreltad hydrogen gas 
cKa be oblained from gas works, induces aeronauts to fill their bal- 
lODUB with it rathet tban be at tbe trouble and expense of making 
hydcogeu for the purpose; but the ascending power of the balloon 
18 tlicreby greatly diraiiiisbetl. 
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obtained from the distillation of oil. It is called de- 
fiant gas, and contains equal measures of hydrogen 
gas and carton vapoar ; its specific gravity is 0.985, 
being about fifteen times heavier than pure hydro- 
gen. 

The rationale of the process of making coal gas 
consists in expelling tlie volatile matters from the 
coal by heat, in closed vessels or retorts, and then 
separating the gas and purifying it on its passage 
from the retort to the gas-holder, where it is stored 
for use. 

The retorts ai'e usaally made of cast iron, and are 
about T feet long, 14 inches in depth, and the same 
ia width; the shape being that of an arch. Tho re- 
torte ■will hold two hundredweight of coal each, but 
they are never filled, because dnring the process of 
distillation the carbonaceous part of tlie coal expands, 
and occupies more space than the original qnantity, 
the proportion of expansion being as one and a quar- 
ter to one. There is a large aperture for the admis- 
sion of coal and the extraction of cote, which aper- 
ture is covered with a Hd, and screwed to make it 
aii'-tight. A tube is inserted into the mouth of the 
retort, to cany off the products of the distillation. 
That tube aises about twelve feet, and then dips into 
a lai'ge horizontal pipe, one toot in diameter, called 
the hydraulic main, in which are collected the tar 
and ammoniacal liquor that distil from the coal. Ten 
or fourteen retorts are usually set back to hack in 
brickwork, to be heated by one fire ; but the plan 
has been recently introduced of employing long clay 
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retorts, whicli are charged at both ends. These are 
found to posBess eoasiderable advantage over iron, 
not only from their lower price, bnt from the facility 
with which the carbonaceous deposit is removed, 
and the full charges worked off. Coke ie generally 
burned in the furnaces, and the heat is continually 
maintained so as to keep the retorts red-hot. 

As atmospheric air cannot gain access to the coal 
in the retorts, the gases expelled do not inflame, nor 
can the parts that are not volatile be consumed with- 
out a supply of air. It is entirely a process of distil- 
lation, in which all the products can be collected. 
The volatile parts are carried off by the pipe, and the 
solid carbonaceons matter, or coke, is left in the re- 
tort. 

The first effect of heat on coal, after it is put into 
the retort, Is to expel the moisture, which, in combi- 
nation with the au', issues in the form of steam. Tar 
then distils, with some portions of gas, consisting of 
hydrogen and ammonia. When the retort has at- 
tained a bright cherry-red heat, the disengagement 
of the carburretted hydi'Ogen is most active ; and it is 
found that the more quickly the coal is heated, the 
greater is the quantity of illuminating gas generat- 
ed. 

The production of coal gas, and the development 
of its properties at different stages of distillation, may 
be readily shown by means of a common tobacco 
pipe. Fill the bowl of the pipe with email pieces of 
coal, cover it over with a lump of clay, and then put 
-t into a hot fire, with the stalk of tlie pipe projecting 
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through tlie bars. Presently steam will te seen to 
issue from the pipe, and afterwards smoke, and, if a 
light be applied, a jet of flame will issue forth, the 
bi'illiaucy of which will increase as the bowl of the 
pipe becomes more heated, until the best part of the 
gas has been distilled from the coal. 

The gas is mingled with varions volatile products 
as it issues from the retort, and requires to be purified 
before it is fitted for illumination. The most abundant 
matt«r that passes over with it is tar. The vapour of 
that substance, however, condenses when cooled, and 
it may thus be separated from the gas veiy effectually. 
For that purpose the gas, after having deposited a 
large portion of the tai- in the hydraulic main, is made 
to traveree through a number of vertical pipes, and in 
passing through tliem a further quantity of tar, ac- 
companied by ammoniacal liquor, is deposited, and col- 
lected in a reservoir at the bottom. The next process 
is tlie purification of the gas from cai'bonic acid and 
sulphuretted hydrogen. This is commonly done by 
passing it through water and lime ; the combination 
of tlie carbonic acid with the lime being facilitated by 
agitation. The method of purifying by lime was in- 
troduced by ilr. Clegg ; and by a later process, oxide 
of iron is used to absorb the sulphuretted hydrogen. 
The gas, when purified, is conveyed to the gas-holder, 
whence it is forced by pressure into the mains and 
pipes. 

An apparatus for generating coal gas on a small 
scale for private establishments, remote from sources 
of ordinary supply, is represented in the accompany- 
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ing woodcut. Tlie retort, A, is fitted in a Binall fur- 
nace. The coal is put in at F, and the products of 
distillation pass thi'ough the bent pipe, E. The more 
liquid portions of the tar pass at once tlirough tJie 
tube, B, into the receiver, G- ; and as the gas passes 
along the bent tube, 0, it becomes cooled, and a fur- 
ther deposit of tar and ammoniacal liquor is made. 




The gas is then conveyed along another tube into the 
purifier, H, filled witli lime and water, and it thence 
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paee^ into the gae-holder. Tubes are inserted into 
the latter for conveying the gae to the burners. 

The c[nantity and the quality of the gae yielded by 
coal differ materially according to the kind employed. 
One ton of good Newcastle coal ■wUl yield 9,500 cubic 
feet of gaa, which, when burnt in the best manner, 
gives a light equal to that of i23 lbs. of spermaceti 
candles. One ton of Wigan cannel coal yields 10,000 
cubic feet, and gives a light equal to 747 Ibe. of sper- 
maceti candles.* The piiee, in London, of good gaa 
from [Newcastle coal, is 4b. 6d. per tliousand cubic 
feet, which gives a light equal to 74^ lbs. of epermar 
ceti, and equal to 89 lbs. of monld candles ; therefore, 
when the latter are 8d. a pound, the burning of gaa ia 
twelve times more economical than tlie burning of 
candles. In Liverpool, gas from cannel coal is sup- 
plied at the low price of 3s. 9d, per thousand feet ; 
and that gaa gives at least one-tliird more light than 
the ordinary London gas. 

The cleanliness of gas, as compared with candles 
or oil, is a further recommendation ; and for the pur- 
pose of lighting Btreets, shops, factories, public build- 
ings, and halls, it presents important advantages ; but 
it is not well adapted for small sitting rooms, because 
the heat of the flame makes it unpleasant and inju- 
rious to the eyes when near, and, rinless very pure, it 
deteriorates the air of closed apartments. In many 
parts of the country, however, where coals are cheap, 
and the price of gas ia consequently less than in Lon- 

* Joarnal of Gas Lighting, vol. iL 
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(Ion, ifc is introduced into every room of nearly all 
private houses. 

Tlie test kind of gas made from mineral substances 
is produced by the distillation of a bituminous shale, 
called Boghead coal, which was discovered a few 
years since in Scotland. One ton of this material 
yields 15,000 cubic feet of gas, which ie equal in illu- 
minating power to 1,930 lbs, of sperm candles. Bog- 
head coal is now commonly used for mixing its gas 
with that of inferior quality, to bi-ing up the illumi- 
nating power to the required standard. 

Oleflant gas, made from oil, bums with a brighter 
and purer light than common coal gas, but it is more 
costly. It is mad© nearly in tlie same manner, by 
distillation in retorts ; the principal difference con- 
sisting in the degree and regulation of the tempera- 
ture. A dull red heat is the best, and in order to 
keep the oil exposed to the action of an invariable 
heat, it is admitted gradually into the retorts, into 
■which pieces of brick or coke are inserted to increase 
the heating surface. One pound of common oil yields 
about 15 feet of defiant gas. The same kind of gas 
may also be obtained in smaller quantities by the 
distillation of tar, rosin, or pitch. Twelve cubic feet 
of gas may be obtained from one pound of tar, and 
ten from the same weight of rosin. 

The brilliancy of gas-light depends, in some mea- 
sure, on the kind of burner employed. To obtain a 
steady light, an argand burner is usually adopted ; 
the gas being allowed to escape through a number of 
minute holes pierced in a hollow ring of metal, which 
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admits a current of air through the middle. To in- 
crease the supply of air, the hurner is cov^ered witli a 
glass chimney, which, if not too long, adds to the 
brilliancy of the flame ; but a very long chimney pro- 
duces so strong a current of air, as to cool the flame, 
and diminish the hght. A plan is sometimes adopted 
of placing a small metal disc a short distance above 
the jets, so as to spread the flame. By this means the 
brightness is increased, by exposing the flame more 
directly to the ciu-rent of air ; and the metal disc, by 
becoming heated, also tends to aid the combnstion of 
the carbon. 

One of the problems to be solved on the original 
formation, of gas works was the size of pipes, and 
the amount of pressure required to force the gas to 
the various burners. It was at first supposed that 
the friction against the pipes would oppose so much 
resistance to the passage of the gas, that it could not 
be trausmitted to great distances. It was found, 
however, that the perpendicular pressure of a few 
inches of water was quite sufficient to force tlie gas 
through the mains and small pipes of an extensive 
range of streets. A hold attempt was made at Bir- 
mingham, in 1826, to bring gas from the collieries, 
at a distance of ten miles from the town. The plan 
was laughed at by many as impracticable, but it was 
attended with complete success. The gas being 
made near the moutli of the coal-pit, the cost of con- 
veyance was saved by the additional outlay in the 
first instance. It must be observed, however, that 
it is extremely difficult in practice to avoid the es- 
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cape of gaa at the junctions of the pipes ; and by 
increasing the length of the gas mains, the greater 
■will ho the leakage. The loss from this cause, in 
Bome gaa works, exceeds 20 per cent, of the gas 
manafactured. 

The volume of gas discharged from a pipe is di- 
rectly proportional to the square of its diameter, and 
inversely as the square of its length. Thus, if a pipe 
i-equired to discharge 250 cubic feet of gas in an 
hour, at a distance of 200 feet, must have an internal 
diameter of 1 inch ; to discharge 2,000 feet in an 
hour, at a distance of 1,000 feet, would require a 
diameter of i-47 inches. The same quantity dis- 
charged at double the distance would require a pipe 
6'32 inch^ in diameter ; at a distance of 4,000 feet 
the diameter must he inci'eased to O'iS inches ; and 
at a distance of 6,000 feet the diameter should be T 
iuehes. 

On the first introduction of gas-light, the com- 
panies who supplied it charged a fixed sum for each 
burner of a given size. This mode of charging was, 
however, very unsatisfactory, for the size of the 
burner is a very uncertain indication of the quantity 
of gaa consumed. Pereoiia using gas desu'ed to pay 
for the quantity they actually burned ; and to enable 
them to do this, a special contrivance was invented 
by Mr. Clegg, the engmeer of the Ohai-tered Gas 
Company, called a gas-meter. That inatrnraent 
measures, with auf&cient accuracy for practical par- 
poses, the volume of gas that passes through it to tlie 
burners, and thus each consumer of gas now pays only 
for the number of cubic feet consumed. 
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The accompaBjing diagi'araa represent sections of 
a gafl meter, aa seen in front and edgewise. The outer 
case of the insti'ument, ■which is a fiat cylinder made 
of sheet iron, is indicated by the letters e, c. Inside 
it there revolves another cylinder, made also of thin 
sheet iron, and divided into four compai'tments, 
marked A^ d, d, d. This interior cylinder readily re- 
volves on an axis, g, g, shown in the section of tho 
instrument as seen edgewise. The gas enters from 
tlie street pipe thi'ougli the opening, », and it is 
forced out to the burnei-a through tlie pipe, J, the 
latter hoing seen in the naiTow section only. In that 




diagram, also, there is shown a cog-wheel, k, fixed on 
to the axis, and a small outer ease, in which that 
wheel rotates. Water is poured into that external 
case until the gas-meter is rather more than half 
filled, the level of the water being shown at i. 

The action of the instrument will be readily nu- 
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derstood by examing the two 6ections. The gas, on 
entering the tube, a, presses against the upper sur- 
face of the compaa-traent tliat happens to be then 
above it, and tends to turn the inner cylinder round. 
This pressure forces the gas through the opening, i, 
ttj the bui-ner ; and as the compartment then in com- 
municafion with that opening is emptied of the gas 
it contains, in the direction of the aiTOW, it ia 
gradually forced under the level of the water, and 
the other compartment, wliich has in the meantime 
been filling with gas, continues the snpply. Thus, 
supposing each division of tiio inner revolving cylin- 
der to hold 108 cubic inches, a complete revolution 
would indicate that the fourth part of a cubic foot 
had passed through the pipe, J, to the burners. 
Several eog-whcels, ari'anged like clocli-worli 
mechanism, are connected with the wheel, g, and 
by this means the number of cubic feet of gas con- 
sumed is indicated by hands fixed to the wheels, 
and pointing to the coiTesponding figures on a series 
of dials. 

Some inconvenience and irregularity having been 
experienced in the use of the wet meter, the correct- 
ness of which, it is evident, may be afi'eeted by varia- 
tions in tlie height of the water level, dry meters 
have been constructed for measuring gas, by causing 
it to pass through a small expanding chamber, similar 
in principle to a pair of bellows. The objection to 
these ineti'uments is that the leather, or other flexible 
substance that forms the sides of the expanding 
chambers, becomes rigid by nee, and the valves are 
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liable to get out of order ; but in the last improve- 
ment of the iustrument, by Mr. OroU, these objections 
are stated to be effectually removed, 

Nuraeroris attempts have been made to produce 
illuminating gas from other substances than coal, but 
without advantage. The plan tliat promised the 
most success was the production of hydrogen gas by 
the deeoniposition of water, which was passed over 
heated coke in retorts, and by that means the oxygen 
of the water, combined with the incandescent coke 
and the hydrogen, was set free. The gas thus col- 
lected possessed little illuminating power, but it was 
afterwards mixed with the rich gas from canncl coal, 
and raised to the requisite illuminating standard. It 
was found, however, in practice, that the compound 
gas thus formed was more costly than ordinary coal 
gas, and the plan has been discontinued. Another 
method of giving illuminating power to water gas 
was to surround the flame with platinum gauze, 
which was rendered incandescent by the heat, and 
became highly luminous. But it required twice 
the quantity of gas burned in this manner to produce 
a light equal to that of corburretted hydrogen, and 
the combustion of so much hydrogen gas produced an 
amount of vapour and heat that were very unpleasant. 
That mode of gas illumination, called the " Gillard 
light," from the name of the inventor, was also found 
more costly than the ordinaiy mode of lighting with 
coal gas, which has now no rival to compete with it 
in economical illumination. 

No Act of Parliament is now required, as 
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originally proposed by Mr. Winsor, to enfoi'ce the 
bui'ning of coal gas. Its advantagea, in point of 
economy, cleanliness, and even of safety, are suffi- 
ciently underetood to spread the use of coal gas to 
every part of the kingdom. In the metropolis alone 
there are twelve gas companies, who receive for the 
sale of gas an average of £100,000 per annum each, 
thus making the sum paid for gas lighting in London 
£1,200,000, and it has been estimated as high as 
£2,000,000, Taking the average price to be Is. 6d. 
per thousand cubic feet, tlie quantity of gas consumed 
amounts to 5,300,000,000 cubic feet; and if we add 
to that quantity 20 per cent, for lealiage through t!ie 
mains and pipes, the quantity of gae manufactured 
in tiie metropolitian gas works is upwards of 6,000,- 
000,000 cubic feet in a year. It may, perhaps, give 
a clearer notion of this immense quantity to say, tliat 
a gas-holder, capable of containing it, would require 
to be one mile in diameter, and the height of St. 
Paul's Cathedral. The light produced by burning 
such a volume of gas would be equal to that of 
150,000 tons of mould candles, which would cost 
£13,000,000. The quantity of coals requisite for the 
production of the gas manufactured annually in Lon- 
don is upwards of 600.000 tons. 
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Tee Electi'ic Light is tho brightest meteor that 
has flashed across the horizon of promise during the 
present century. When first exhibited as a means 
of illmninatioi], abont twelve years ago, the splendour 
of the rays emitted, and the delnsive representations 
of the amall cost required to produce such a brilliant 
light, led the public to believe that tlie career of gas- 
lighting was drawing to a close, and that night would 
be turned into day by this wonderfid demonsti-ation 
of electiical power. The hght produced by chai'coal 
points, subjected to the action of a powerful voltaic 
battery, was, "however, no novelty at that time ; for 
as far back as 1810, Sir Humphry Davy was accus- 
tomed to exhibit that development of electrical force 
at the Koyal Institution, and it formed a standard 
experiment in most chemical lectures. But it seems 
not to have been thought applicable in those days 
to the pui'poses of illumination ; and when Mv. Staite 
brought it into notice, and exhibited its effects on 
the tops of some public buildings, it was considered 
one of tlie most wonderful inventions of the age. 

Mr. Staite'a patent, taken out in 1847, though 
commonly supposed to be for the Electric Light 
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generally, was limited in its clauses to the construc- 
tion of a voltaic battery and apparatus, adapted for 
maintaining constancy, and for giving steadiness to 
the light. The merely temporary continuance of 
the voltaic arc, as it was formerly called, seemed in- 
deed to preclude the poesibility of its adoption as a 
means of illumination ; it was therefore a great point 
gained to give stability and constancy to the light. 
The difficulty of accomplishing this will be perceived 
when it is known that the charcoal points, between 
which tlie action takes place, are constantly under- 
going change, the pai'ticles of carbon being trans- 
ferred from one to the other. There is no actual 
combustion of the chai'coal, in the ordinary meaning 
of the term ; the action is principally confined to the 
transfer of the charcoal connected with the positive 
pole, to that connected with the negative pole of the 
voltaic battery, a hollow being formed in one, and a 
pyramidical accumulation of particles in the other. 
This action was beautifnlly shown by Professor Fara- 
day at the Eoyal Institution last year, by projecting 
the image of the charcoal points on to a screen, by 
means of the Electric Light itself. The image, mag- 
nified by the lenses of the electric lamp, could tlius 
be distinctly seen without being too brilliant to dazzle 
the eyes. The particles of carbon, heated to white- 
ness, were perceived to be in active motion, and tlie 
piling up of the pyramid in one, and the hollow 
produced in the other, were continually varying the 
distances between them, and thus tending to cause 
unsteadiness in the light. 
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l^umerouB contrivances have been adopted for the 
purpose of keeping the points at exactly the Bame dis- 
tance, as the want of stability was supposed to be the 
only obstacle to the adopton of the Electi'ic Light. 
These contrivances have so far sncceededf that a 
tolerably steady light can be maintained for some 
time, but under the most careful management the 
points occasionally approach too near or are too far 
apart to maintain an e(iuable light. 

Among other inventions to increase the steadiness 
of the light is one that was patented in 1856, by Mr. 
Way, in which mercury is substitiited for charcoal, 
but the steadiness of light to be thus acquired must 
be attained with a great loss of illuminating power, 
and the vapour arising from the combustion of the 
mercmy would be extremely injnrious to health. 

Mr. Hoarder, of Plymouth, has produced more 
brilliant effects with the Electric Light thaa any other 
person. Some remai-kable exhibitions of the power 
of the light were made by him, in April, 18i9, from 
the top of the Devonport Column, and several sci- 
entific gentlemen undertook to make observations at 
different localities to a distance of five miles. At 
Tremeton Castle, on the banks of the Tamar, a dis- 
tance of nearly 3^ miles ; the light cast a strong 
shadow, and writing could be diatiuctly read by it. 
The space illuminated was at least three quarters of 
a mile broad. To aid tiie effect, a reflector was em- 
ployed, and when the rays were directed to the 
clouds, they had the appearance of a huge comet, 
tlie reflector being the nucleus. The intensity of tlie 
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light was ascertaioed to be equal to that of 301,400 
mould candles of six to liie pound, whilst the light of 
the Breakwater Lighthouse was equal to only 150 
candles. At a distance of five miles tlie light was 
sufficiently powerful to enable pereous to read a 
book. 

The battery employed by Mr. Hearder in these 
brilliajit experiments consisted of 80 cells of a May- 
nooth battery, 4 inches square, and the carbon cylin- 
ders between which the light appeared were formed 
of powdered coke, mixed with tar, and rammed into 
a tube three quarters of an inch in diameter. When 
these cylinder are about a quaz^ter of an inch apart, 
the Electric Light appears at the end of each for the 
space of more than half an inch. The light, during 
the experiments at Plymouth, was maintained for 
three hours, and the materials employed amounted 
to one pound and a-half of zinc, 114 fluid ounces of 
sulphuric acid, the same quantity of nitric acid, and 
six pounds of n m 
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ductioii of the Eleetiic Light, as a raeane of general 
illumination, is ita expense. When the project was 
first brouglit into notice, attempts were made to show 
that the hattery power recLuired might he obtained at 
little coat, and in this respect some deceptions were 
practised not creditable to. the parties engaged in 
promoting the scheme. It has been proved by Mr. 
Gfrove that the cost of ordinary hatteries necessary 
to maintain the light in full hrilliancy would greatly 
exceed the price of an ecLual light from gas. 

A plan was patented for generating the required 
voltaic power, free from cost, hy applying the residual 
sulphate of zinc as paint, and an Electiie Power and 
Light Company was formed to carry out the project. 
But the plan failed, and the affaira of the company 
have recently been " wound up." 

Until some cheaper mode of generating electricity 
than ie at present known be invented, there is no hope 
of the Electric Light becoming generally available, 
hut there are special circumstances in which it may 
be applied with advantage. It is peculiarly appli- 
cable for lighthouses, as its rays would penetrate 
through a foggy atmosphere that, would obscure the 
light of ordinary fiames, and in such cases the exti-a 
cost should not operate aa an obstacle to its use. 
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Those who are not old enough to remember the 
time when flint-and steel were the implements em- 
ployed to obtain a light, can have no sufficient ap- 
preciation of the great convenience of " Lucifer" 
matches. In those " good old times," it was a regular 
household care to provide a sufficiency of tinder, to 
see that it was kept dry, and tliat there was a proper 
flint " with Are in it." The striking of a light, when 
the tinder-box was adequately supplied, was no mean 
accomplisliniQnt; and the unskilful hand, operating 
in the dark, would either get no sparks at all, or 
send them in a wrong direction, and not unfrequently 
Bti-ike the skin off the knuckles, in the vain endeavour 
to set light to the tinder. Or if the tinder were 
damp, the sparks would fall upon it without igniting, 
and minutes would be spent in holding a pointed 
brimstone match to the delusive spark, and blowing 
at it without effect. Sometimes the incautious opera- 
tor, tired with his fmitle^ efforts, would sprinkle 
gunpowder over the tinder, to make it take fire more 
readily, and whilst . puffing at a long-desired spark, 
the gunpowder would explode in his face and nearly 
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blind him. Such were some of the annoyances, at- 
tended by loBS of time, that were experienced in ob- 
taining the Banie reeult that is now produced instan- 
taneously, and much more effectively, by merely 
rubbing the match against any rough surface. 

Several attempts had, indeed, been made many 
years ago to supplant the fiint-and-steel and tindei'- 
box, and some of the plans adopted so closely ap- 
proach the matches now in use, that we wonder the 
inventors did not succeed long since in contriving the 
very facile means of striking a light that we now 
enjoy. Phosphorus and brimstone matches were 
iirst employed for the purpose. The phosphorus was 
contained in a bottle placed -within a tin case, which 
also held the pointed hrimstone matches and a piece 
of corb. The match was dipped into the phosphorus 
bottle, and then rubbed on the cork ; and the friction 
excited sufficient heat to inflame the small quantity 
of phosphorus adhering to the match and, to set fire 
to the sulphur. These phosphorus boxes answered 
the purpose very well, but the apprehended danger 
of using so inflammable a substance prevented their 
coming into general nee ; and they were much more 
costly than a tinder-box. 

In the next advance, if it may be so called, in 
the invention of instantaneous light-prod uc ere, phos- 
phorna was altogether discarded, and a mixture of 
ehlorate of potass, then called oxymuriate of potass, 
and sugar was employed. Those substances, when 
combined, inflame explosively in contact with sul- 
phuric acid. In applying tliem for the purpose of 
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obtaining instantaneoua light, they were mixed to- 
gether in an adhesive menatrnum, into which the ends 
of email rectangulai- matchea were dipped. These 
matches very nearly reaembled the " Lucifers" of the 
present day. To ignite them, a small hottle contain- 
ing sulpharic aeid and asbestos was provided, and 
they were arranged together in an ornamental taper- 
stand for the chimney-piece. This apparatus was not 
received with mucli favour, partly on accoimt of in- 
jury done by a careless use of the sulphuric acid, 
partly because it failed to act when the acid had 
absorbed moisture from the atmosphere, hut prin- 
cipally because of its cost. 

To obviate the objection arising frora the use of 
sulphuric aeid in open bottles, an ingenious contri- 
vance was adopted, by which each match contained 
its own reservoir of aeid sufficient for igniting the 
inflammable compound. Small glass globules, con- 
taining sulphuric acid, were introduced into the com- 
position of chlorate of potass and sugar, which, when 
broken, set fire to the mixtm'e and lighted the match. 
These instantaneous lights, which were called Prome- 
theans, were more ingenious than useful, because the 
trouble of manufacture rendered them expensive, and 
the sulphuric acid was more likely to injure furniture 
in that form than when a bottle with asbestos was 
used. The Proraetheans, however, possessed the 
advantage of portability, and for occasional pui-posea 
they were convenient. In some of the forma in 
which tlie Prometheans were manufactured, the glass 
globule of acid, suiTounded by its inflammable eom- 
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pound, was attaehei to the end of a small stick of 
Bealing- wax, snfficieiitly lavge to seal a letter ; but 
this reflneraeat in instantaneous lights was not ranch 
pab-onized, 

IN^otwitlistanding these ingenious attempts to pro- 
duce liglit by chemical action, the flint-and-steel re- 
tained possession of the field until a match was made 
that ignited by friction alone. The first kind of fric- 
tion match was invented in 1832. It consisted of a 
tJiin splinter of dried wood, the top of which was dip- 
ped, in a mixture of one part of chlorate of potass, 
two of sulphide of antimony, and one of gnm. To 
ignite the match it was necessary to di'aw it brisldy 
through sand-paper. These matches required some 
address to light them, because much mora friction 
wae required than ie sufSeient to light Lncifers. 

The next improvement was the " Oongreve " 
match, in which recourse was bad to the materials 
previously used, separately, for obtaining instanta- 
neous lights, Oongreve matches were composed of 
an emulsion of phosphorus mixed with chlorate of 
potass, into which the matches, previously tipped 
with sulphur, were dipped. These matches were of 
the same size and form as the Lucifers now in general 
nse, and they ignited readily by fi-iction on sand- 
paper or other rough surface. Their explosive noise 
on inflammation, which gave them their name, was 
the only apparent difieronco between Oongreves and 
Lncifers, and their introduction completely sup- 
planted the flint-and-steel. 

The noiseless match, or Lucifer, has, m its turn, 
10 
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driven the Congreve almost out of use, though for 
practical purposes the latter was as etfoetivo, and it 
was less dangerous. The Lucifer matches depend 
aitogethor on phoaphoriia for their inflammability. 
Their composition is an emulsion of phosphoras with 
glue, nitre, and some colouring matters. The sulphur 
matches, after having been tipped witli that compo- 
sition, are exposed in a warm room until a sufBcient 
quantity of the phosphorus is evaporated by slow 
combustion, to leave a lilm of glue on the surface to 
protect the remainder from the action of the atmce- 
phere. The usual proportions for the compound are, 
phosphorus four parts, nitre ten, glue six, red ochi'e 
five, and smalt two. The principle on which the 
action of Lucifer matches depends, is the strong affin- 
ity of phosphorus for oxygon, of which the nitre with 
which it is mixed contains an abundant supply ; and 
by drawing the match across sand-paper, sufficient 
heat is excited by the friction to ignite the phospho- 
nis, and the nitre supplies the oxygen to maintain 
rapid combustion. 

The manufacture of Lucifer matches is conducted 
on a very large scale in this country and on the Con- 
tinent. It requires several ship loads of wood to sup- 
ply tlie requirements of Lucifer-match makers ; and 
ingenious contrivances have been patented for cutting 
it up into splints of the proper size. For that pur- 
pose, after the wood has been reduced to the required 
lengths by circular saws, it is cut up into splints by a 
number of lancet points, separated from each other 
as far apart as the tiiiekness of a match, which pass 
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OTer the wood and divide it witii gi-eat rapidity. The 
epliiita are collected into handles of one thonsand, 
and each end having heen dipped into melted sul- 
phur, they ai'e divided in the middle by a circular 
saw. 

The Kepoiis of the Jnries of the Great Exhibition 
eupply a variety of statistical details respecting the 
manufacture of chemical matches, from which it 
appears that the quantity made in Austria, in 1849, 
amounted to 50,000 cwt. ; and that in ^France, in 1850, 
the phosphorus consumed in tlie manufacture of 
matches, amounted yearly to 590 cwt. ; and the con- 
sumption has rapidly increased since that time. In 
this countiy, it is calculated that eight tons of phos- 
phorus are yearly used in making matches, the nnra- 
her of which is stated to he 40,000,000 a day, Large 
quantities are also imported from Germany, where 
tlioy are manufactured so cheaply, that fifty hoses 
each containing 100 matches, are sold for fourpence. 

The latest improvement in chemical matches is 
the " Testa," which consists of small wax, or stearine 
tapers, with an igniting composition at the end, con- 
sisting of chlorate of potass and phosphorus. These 
Instantaneous Lights are made without sulphur, con- 
seqxiently the disagreeable smell of the common 
Lucifer is avoided. The convenience of smokei-s has 
also been consulted in the manufacture of Instanta- 
neous Lights. The faseoe, now so frequently used 
for lighting cigars, are composed of thin card-board 
cut half through, steeped in nitre and with a small 
quantity of phosphorus ; and the tearing of the paper 
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i sufficient heat to ignite the inflam- 
mable card. 

ThousandB of persons, principally children, are 
now employed in the manufacture of chemical 
matches. The occupation, aa at present conducted, 
is very unLealtliy, for the fumes of the phosphorua 
produce a disease of a remarkable kind in the jaw- 
bone, which often proves fatal. "No cure has yet 
been found for this peculiar disease, occasioned hy 
the phosphorus in the state in which it is commonly 
used. A preparation of that suhatanee h^, however, 
been made which may be used without injury, and 
which possesses the advantage also of being less dan- 
gerously inflammable ; but aa tlie red mnorphous 
pho^horus, as it is called, is rather more coetly, the 
manufactureiB of Locifcr matches object to use it. 
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Cheap literature and the large development of 
newspapers are principally attribntalile to the im- 
provements in Paper Making, hj the aid of ma- 
chinery. 

In the former modes of mating paper, the work- 
man held in liia hands a sqnare frame covered with 
wh'es, which he dipped into the prepai'ed cotton or 
linen pulp, ■which was kept in suspension by being 
agitated in water, and taking up a cLnantity sufficient 
to cover the frame, he niiovod the pnlp about hori- 
zontally, to spread it evenly over the sui-face of the 
wires. Another workman ti'ansferred the layer of 
pulp on to felt, and in this manner one sheet was laid 
upon another, with felt between each. They were 
next snbjected to groat pressure, for the purpose of 
making the fibrous particles cohere sufficiently to 
form sheets of paper. The felts were then removed, 
and the sheets were piled upon one another and again 
pressed, after which they were dried, sized, and 
finished. 

Paper Making, hy that process, was a slow opera- 
tion. The thickness and evenness of the sheets de- 
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pended altogether on the judgment and skill of the 
workman, and their Bizo was necessarily limited by 
the dimensions of the frame. By the improved 
methods, nearly all the work is done by machinery. 
The soft fibrous pulp, which is to be converted into 
paper, enters the machine at one end, and in the 
course of two minutes it is dehvered at the other end 
of the machine in a continuous sheet, that may ex- 
tend for miles. By supplemental conti'ivances the 
paper is cat into sheets, piled together, and presented 
in a salable form. 

The world is indebted to a Frenchman, named 
Louis Robert, for tlie invention of the first machine 
for malting paper. He was a workman in M. Didot's 
paper mill, at Esaones, and for his contrivance of a 
method for making continuous paper, ho obtained 
from the Prench Government, in 1799, the sum of 
8,000 francs and a patent for the manufacture of the 
machines. The political agitation in Trance at that 
period prevented mnch progress from being made 
with the invention, but aJter the Peace of Amiens, 
in 1802, M. Didot, jun. came to tliis country, accom- 
panied by his brother-in-law, Mr. Gamble, for the 
purpose of making arrangements to carry it into ef- 
fect. They induced Messrs. H. and S. Fourdrinier 
to engage with them in bringing the machinery to 
perfection, and patents obtained in this country by 
Mr. Gamble were assigned to them in 180i. 

The engineering establishment of Mr. Hall, at 
Dartford, in Kent, was selected as best adapted for 
the purpose of making tiie machinery and for carry- 
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ing the plans into operation. .Mr, 
who was engaged in the 
manufactory, principally 
assisted in bringing the 
machinery to perfection. 
The difficulties attending 
tlie completion of all the 
parts, to get them to work 
effectually, and the oh- 
etructiou encountered in 
introducing the machine- 
made paper, rendered t!ie 
enterprise a iTiinous specu- 
lation to those who fii-st 
engaged in it. 
Fourdiinier having 
pended £60,000 
ing the machine. 

The apparatus, of which 
a representation is given 
in the annexed woodciit, 
was very complicated, hut 
tie essential parts may be 
readily underetood. 

The rags from which 
the paper is made undergo 
a variety of processes bo- 
fore they are properly re- 
duced into a state of pulp. 
They are sorted, dusted, 
boiled, and torn into pieces 
by passing through cut- 



Bryan Donkin, 



1 perfect- 
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tijig rollers ; they are then bleaclied and again mib- 
mitted to the grinding action of rollera, which reduce 
them into a state of fine pulp, resembling milk in 
appearance. The piilp thus prepared is placed in a 
large vat, where it ie kept constantly agitated, to 
prevent the more solid parts from being deptraited. 
From the vat the pulp is discharged into a cistera, 
over the edge of which it flows in a continuous stream 
npon an endless wire cloth, the meslies of which are 
so fine that there are as many as 6,000 holes in a 
square inch. 

The wire gauae, on to which the pulp is poured, 
is about 4 feet wide, and 25 feet long, and it is kept 
constantly moving onwards, by rollers at each end, 
over which it passes. The gauze is stretched out 
perfectly level, and the pulp is prevented from flow- 
ing over the edges by straps on each side, which limit 
the width of the paper. As the endless wire cloth 
moves along, an agitating motion is given to it, by 
which means the pulp is spread evenly over the sui'- 
face ; the water is also drained off through the intei'- 
stices of the gauze, and this part of the process is 
expedited in the improved machines by producing a 
partial vacuum underneath. Before the sheet of pulp 
h^ anived at the farther extremity of the wire cloth, 
it passes between two cylindej-s, tlie under one of 
which is of metal, covered with felt, and the upper 
one of wooi3, A slight pressure given to the pulp in 
passing between those cylinders imparts sufBoient 
tenacity to it to enable it to be transferi'ed from tlie 
wire gauze on to an endless web of felt, by moans of 
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a slice that clears the pnlp from the wire gauze, and 
deposits it on the felt. The latter ia kept moving at 
exactly the same speed as the ■wire gauze, otherwise 
there would be either a rent or a fold on the sheet. 
The paper, still in a very wet state, is carried between 
cast iron rollers, and its fibres are forcibly pressed 
together, which operation squeezes out the water, 
and so far gives tenacity to the pulp that it may be 
handled without tearing. The sheet then passes on 
to other rollers, by which it is further compre^ed, 
and its surface smoothened. The paper is, however, 
still damp, and rec[U!res to he dried. This is done by 
: it over large metal cylinders, heated by 
The process of making the paper ia tlieu 
completed, and the continuous sheet may bo wound 
npon a reel to aiiy length ; but it is now usual to cut 
it up into aheets as soon as it Icayes the drying 
cylinders. 

The wire cloth moves at the rate of from 25 to 40 
feet per minute, and auch a machine would conse- 
quently make at least 10 yards of paper in that time, 
which ia equal to a mile in three houre. The width 
of the paper is usually about 4j feet, therefore each 
machine will make 10,450 square yards of paper in 
twelve hours ; and there are upwards of three hun- 
dred of snch machine at work in this country. The 
value of the paper thus prodnced is calculated to ex- 
ceed two millions sterling. 

Numerous improvements have been made in Four- 
drinier's original machine, but the principle of its cou- 
sti'uction remains essentially the same, and it is by 
10* 
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this means that most of the paper now used for writ, 
ing or printing is manufaetnred. A paper-makiug 
machine, on a different principle, hae, however, beea 
invented ty Mr, Dickinson, and has been carried by 
him to gi-eat perfection. Instead of allowing tlie pulp 
to fall on t-o a flat eui-face of wire gaaze, a polished 
hollow brass cylinder, pei^f orated with holes and 
covered with wire cloth, revolves in contact with the 
pi'epared pulp, and a partial vacuum being produced 
witliin tlie cylinder, the pnlp adheres to the gauze, 
and its fibres cohere sufficiently, before the cylinder 
has completed a revolution, to be turned off on to 
another cylinder covered with felt, on wliich it is sub- 
jected to pressure by rollers, and is thence delivered 
to the drying cylinders. 

Mr. Dickinson afterwards obtained a patent, in 
1855, for making a union paper, coneistiug of a thin 
sheet of that made by his own machine, and a similar 
sheet made by a Fourdrinier machine united together. 
For this purpose the two sheets were brought to- 
gether, as they passed from the machines, whilst still 
wet and in an nnfinished state, and were pressed to- 
gether between rollers, by which means they were 
completely incorporated. The object of this con- 
trivance was to combine, in a single sheet, the dif- 
ferent kinds of surface which paper made by those 
two modes of manufacture present. It is also em- 
ployed economically for engravings, to give a fine 
surface to a thiclt sheet of coarser material. The 
threads in postage envelopes and in bankers' cheques, 
are introduced by this process of plating two surfaces 
together. 
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The greatly increased coiisuniptioii of paper threat- 
ened to exhaust the supply of the raw material, not- 
■withatanding the lai'ge import from abroad and the 
enormous supply derived from the waste of the cotton 
mills, which, when mixed with rags, produces good 
paper. The quantity of old rags, old junk, and other 
fibrous materials imported for the pui'poee of making 
paper, in 1850, is stated in the Juiy Reports of the 
Great Exhibition to have amounted to 8,124 tons. 
This large importation, added to the stock of rags 
supplied by the country itself, was, however, inade- 
quate to meet the consumption, and search was anx- 
iously made for other fibrous substances that could be 
converted into paper ; — peat, cocoa-nut fibre, grass, 
eti'aw, and even wood have been used for the purpose. 
Of those substances, eti'aw has been moat eucceaafully 
applied, and 6traw paper — excellent to write npon, 
iiiough not bright in colour— is now made at veiy 
low prices. The straw is first cut up into short 
lengths, of about half an inch, by a chaff-cutting ma- 
chine, and after undergoing various processes of tritu- 
ration and bleaching, it is reduced into a pulp, snfS- 
ciently adhesive to make a strong paper. 

Tiie plan of diying the paper aa it leaves the rol- 
ler of the machine, was introduced by Mr. Oromp- 
ton in 1820, and that gentleman was also the fii-st to 
introduce a machine for cutting the paper into sheets 
aa soon as it is dried. The first invention of the kind 
was patented by Mr. Crompton, in conjunction with 
Mr. Miller and Professor Cowper, in 1828. The con- 
tinuous web of paper waa made to pasa directly from 
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the drying appai'atus to the cutting machine, by whicii 
it was fii'st slit into bands of the required width by 
means of a aeries of sharp discs of steel, adjustable on 
two parallel axes. The bands of paper then passed 
on to shears, placed transversely, that cut it into sheets 
of any required lengtli, which were laid npon one an- 
other, to be divided into quires. 

Several other cutting machines have since been 
invented, the simplest of which is the one patented 
by Mr. Dickinson, which is represented in the 
woodcat. 



JLJl 




The paper may bo taken directly from the drying 
cyliiidei's or from a reel, as shown in the diagram at 
a. The sheet passes over a large drum and through 
several guide rollei-s, till it is cai'ried across the table 
a h, where it is cut lengthwise by knives, as it passes 
along. A series of chisel-edged cutters are placed at 
regulated distances beneath the table ; and whilst the 
paper is stretched over it, several circular 'kmY&s,ff, 
fixed into a swing frame, g g, at corresponding distances 
with the knives beneath, are swung across the sheet, 
and cut it in tlie manner of a pair of shears. Other 
lands of cutting machines are conti'ived, by which 
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sheets of writing paper, when collected in quires, are 
squeezed tightly together, and their edges are smoothly 
and evenly cut. 

We must not conclude this notice of Paper Mak- 
ing Machinery witliout allnding to tlie ingenious self- 
acting mechanisms for making envelopes. In tlie 
Great Exhibition of 1851 there were three different 
machines exhibited in action, each one producing, 
with great rapidity, those neat coverings for letters, 
for which the penny postage system has created so 
great a demand. The paper, cut into the desired form 
by a separate machine, was piled up on one side of 
the envelope folder. It was taken, sheet by sheet, 
and Btretebed on a small table, on the middle of which 
there was a trap door, held up by a spring to a level 
with the rest of the table. A plunger, of the same 
size as the envelope to be made, pressed the trap 
dpwn into a recess, and raised the four corners of the 
paper, the edges of which were then gummed, and 
smallmechanicalfingerefolded them down. The com- 
pleted envelope was tlien thrown oiit into a basket, 
or it slided out of the machine on to those before made. 

Each of those machines, with a boy as an attend- 
ant, will fold 2,700 envelopes in an hour, which is 
nearly the same number that an experienced workman 
can fold in a day with a folding stick. Notwithstand- 
ing the supplanting of manual labour to so great an 
extent by these ingenious mechanisms, the effect of 
increased facility of manufacture has been to give in- 
creased employment, and many more persons are 
now engaged in making envelopes than were so em- 
ployed before the invention of the machines. 
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The associated inventions of paper making and 
printing have progressed hand in hand together ; the 
increased facility with which paper can be made by 
machinery having been equalled, if not surpassed, by 
the rapidity with which it can be printed. 

The old wooden printing press, that was in general 
use at the beginning of the present century, is now an 
object of curiosity, and a fewspecimens of it are to be 
eeen, even in country printing offices. 

The principal working part of the wooden press 
consisted of a block of wood, having a perfectly flat 
and smooth sui-face, half the size of an ordinai-y sheet 
of printing paper, which was brought down upon the 
types by means of a screw that was turned by a long 
lever. The types, placed upon a flat stone embedded 
in a movable table, were inked with large soft balls 
covered with pelts. The damped paper was put into 
a frame, at tlie back of which blankets were placed, 
and was laid lightly on the inked types. The movable 
table was then pushed under the block of wood, called 
the " platten," the long lever was pulled with great 
strength, and the platten being thus brought forcibly 
upon tJie blankets and paper, one-half of the sheet 
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■was printed. The lever, on being released, sprang 
bact to its former position, and tlio table with tlie 
types upon it was pushed fartlier under the platten, 
which was again pulled down to print the other half 
of the sheet. The table was then pulled back, and 
the sheet of paper, printed on one side, was removed. 
These operations occupied considerable time, and the 
regular work of two men, with a wooden press, was 
to print 250 sheets an hour on one side. 

This original contrivance for printing was sup- 
planted by the Stanhope press, one of the moat admi- 
rable aiTangements for the advantageous application 
of the iever that is to be found in the whole range of 
mechanical contrivances. 

The improved printing press, invented by Lord 
Stanhope, the first of which was completed in 1800, 
is made altogether of iron. The platten is of the fnll 
size of the sheet of paper to be printed, and the work 
is done at a single pull. The requisite power is ob- 
tained by a combination of levers, so adjusted that 
the platten is brought down rapidly in the firat in- 
stance, before any pressure is required, and when it 
comes to bear upon the types, the levers act with the 
greatest possible mechanical advantage, so that the 
handle moves through the space of a foot, whilst the 
platten descends only the twentieth part of an inch. 
By tliis means a large sheet of paper can be printed 
off by a single pull, and with more impression and 
greater sharpness than by two pulls with a wooden 
press. 

Great as was this improvement in the printing 



Hosted by Google 



232 GREAT TACTS. 

press, its action was still very slow, compared with 
the rapidity of printing we are now accnstomed to, it 
being considered quick work, with a small Stanhope 
press, to print 500 sheets an hour. The author re- 
members to have seen the Globe newspaper printed 
by an old wooden press in 1820; and, about the same 
time, the London Courier, by a Stanhope press. In 
order to supply the large demand for the latter paper, 
it was then customary to print off three pages early 
in the day, and to set up the types for the fourth 
page, containing the latest news, three or four times, 
and to print it at as many separate presses. Tho 
pressmen could thus, by great exertion, perfect the 
printing, when three presses were used, at the rate of 
1,500 an honr. The Times newspaper, which greatly 
exceeds the size of the Cowrier, is now printed by a 
machine at the rate of 13,000 an hour. 

The invention of printing machines was preceded 
by the mannfacture of inking rollers, to supersede the 
pelt balls for distributing tho ink over the types. 
Earl Stanhope had endeavom-ed in vain to construct 
inking rollers, for which purpose he tried skins aud 
pelts of vaiious kinds, but the seam proved an ob- 
stacle that be could not overcome. In 1808, a " new 
elastic composition ball for printing," which con- 
sisted principally of treacle and glue, to serve as a 
substitute for pelfs, was invented by Mr, Edwai-d 
Dyaa, a man of great original genius, the parish clerk 
of Madeley, in Shropshire. These balls were first in- 
ti'oduced into the extensive printing office of the late 
Mr. Edward Houlston, of Wellington, where they 
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were for some time exclusively used, and that print- 
ing-office consequently became celebrated for the ex- 
cellence of ita work. A similai" eomposition was some 
years afterwards cast in the form of rollers, upon a 
hollow core of wood, by the late Mr. Harrild ; and 
these rollers have proved a fai' more cleanly and more 
expeditious mode of inking the types than the balls. 
These inking rollers supplied an essential want in the 
working of Printing Macliines. 

The invention of Printing Machines underwent 
many changes before it was brought to a practical 
form. Such a machine waa first projected in 1790, 
by Mr. Nicholson, who proposed to place the types 
and paper upon cylinders, and to distiibute and ap- 
ply tlie ink also by cylinders. Another plan, more 
closely approaching that of the printing machines 
afterwards perfected by Mr. Napier and others, was 
to place the types upon a table and the paper upon 
an impressing cylinder, and to move the table back- 
wards and forwards under it. In 1818, Messrs. Don- 
kin and Bacon proposed placing the types upon a 
prism, which was to revolve against an irregularly 
shaped cylinder, on which the paper was to be placed. 
Kothing, however, conld be effectually done in pro- 
ducing a proper working printing machine until the 
invention of inking rollers. 

In 1814, Messrs. Bauer and Kcenig succeeded in 
constructing a machine, which was erected at the 
Tmies ofBce, that produced 1,800 impressions an 
hour ; and it continued in use till 1827. This rapidity 
of action, compared with that of the most improved 
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printing press, produeed a revolution in the art of 
printing; attention was then directed almost excla- 
sively to the further improvement of the machines, 
and the platten press was neglected. 

In the foi-m of printing machines generally used, 
the types are laid upon an iron table that is moved to 
and fro by the turning of a wheel connected with 
a steam engine. The paper is placed upon cylinders 
covered with flannel, and the impression of the types 
is produced by the cylinders being fixed so closely to 
them that, as the table passes backwards and forwai'ds, 
there ia great pressure. The types are inked by a 
series of I'ollere, by which the ink is distributed and 
evenly laid on the face of the types witliout any 
manual labour. 

The mechanical power gained by an arrangement 
of this kind arises from the pressure being exerted on 
a small surface at a time ; consequently tlie power 
required for producing the impression of the types 
is not nearly so great as when the TOhole surface of the 
types makes the impression at the same instant. The 
force actually pressing on the types, from contact with 
the cylinders, is very much less than that brought to 
beai' on thom hy the platten of the Stanhope press ; 
but as it acts on a smaller surface at a time, the 
amount of pressure on each part, successively, greatly 
exceeds that received by any similar portion when it 
is impressed all at once. The difference of the action 
of the platten and of the cylinder may bo compared 
to the different effects produced by a knife when 
pressed with its edge and with its flat side against a 
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yielding snifaee ; the pressure on the flat surface may 
not be Bufficient to leave any impreseioii, whilst a 
much smaller pressure on the edge will produce an 
indentation. 

The accompanying woodcut is a representation 
of one of Messi-s, Applegath and Oowper's machines 
for printing both sides of the paper at the same time. 

It consists of a caat-ii'on frame, about 14 feet long 
and i feet mde, on which the iron table, with tlie 
types upon it, slides backward and forward under two 
large cast-iron cylinders, covered with blankets, 
whereon tlie paper is laid. The pages of type to be 
printed on one side of the paper, and those pages that 




are to bo printed on the back, are wedged into iron 
frames, called " chases," and these chases are fixed on 
the table at eueh a distance from each other, that they 
will pass iinder the two cylinders in the same relative 
positions. The sheets of paper are held on to the 
cylinders at then- edges by means of tapes, and are so 
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laid oil by the workmen, that the type may be im- 
pressed on tliem with an equal mai-gic all round. At 
each end of the machine la a supply of ink, which is 
taken from long iron rollers, about three inches in 
diameter, each of which turns in contact with a flat 
iron bar, that only allows a email quantity of ink to 
pass. A composition inking roller is made to vibrate 
between the inking table, where on the ink is thinly 
and evenly spread, and the iron feeding roller, and 
thus delivers the requisite quantity of ink on to the 
table. Several other composition roUei-s ai'e placed 
across the inking table, with their axes resting in 
notched bearings, so tliat as the inking table moves 
foi-wai-d and backward, those rollers disti-ibute the 
ink evenly over it. There ai'e four other rollers (none 
of which are shown in the diagram), which take the 
ink from the table ; and as the types pass from nnder 
the cylinders, after printing a sheet, and return to 
them, they pass twice iinder the inking rollers. Each 
sheet of paper is laid by a boy on a web of tapes, by 
which it is carried round one paper cylinder, and then 
over and under two wooden drums to the other paper 
cylinder. The sheet of paper, in the course of its 
progress, is turned over, so as to receive the second 
impression on the other side ; and as the tapes that 
carry it along leave the second cylinder, they divide, 
and the printed sheet falls into the hands of a boy. 

In the printing machine which was shown at work 
in the Great Exhibition, invented by Jlr. AppJcgath 
and made by Mr. MiddJeton, for printing the Times, 
the ai-rangements differ materially from those of the 
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horiaoDtal machines already described. The types, 
instead of being placed on a table, and moved to and 
fro under the impressing cjlinders, are fixed to a 
large vertical cylinder, upwards of 16 feet in diameter, 
and there ai"e eight impressing cylinders ranged ver- 
tically round it, with their axes fixed. By this ar- 
rangement there is no loss of time in withdrawing the 
types from under the cylinder to be again infeed, but 
they move round from one fixed cylinder to another, 
receiving their ink between each, and thus producing 
eight impresfiions in snccession during one complete 
revolntion. At the Tmies printing office there are 
now three machines of that conetrnction, two of which, 
with eight eylindera, print ten thousand an hour, and 
the other one, which has nine impressing cylinders, 
thirteen thousand. 

The operations for printing that newspaper ex- 
hibit marvellous efforts of human ingenuity and skill, 
brought to bear in producing with the recLuisite rapi- 
dity a snf&cient number of impressions to supply its 
enormous circulation. After the types have been 
composed and corrected, and ranged into columns 
and screwed up into their chases by upwards of one 
hundred hands, each page of type is attached to tho 
large vortical cylinder — a curved form having been 
given to the type to adapt it to the circular surface. 
Nino men, standing each one beside a heap of damped 
paper, feed the largest machine by separating the 
sheets singly from the heap, and present them suc- 
cessively to the action of small rollers, that give each 
sheet a forward impulse, which brings it witliin tlte 
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grasp of a serios of endless tajies. These tapes cateli 
hold of the sheets of paper, and cany tliem down to 
the level of the types. They are then ehot along hori- 
zontally to the pressing rollers, covered with blankete, 
round which they are carried and pressed against the 
types ; after which the endless tapes carry them 
away, and deliver them printed to a man below, who 
spreads them one over the other. A large resei'voir 
of ink at the top of the machine snppliea the inking 
tables, from which it ia spread evenly over the inking 
rollers, and, at each revolution of the type cylinder, 
nine sheets are printed on one side. They are then 
taken to a second machine to be printed on the back, 
or, as it is called, *' perfected." The accompanying 
engraving shows the general arrangement of the ma- 
chines. 

Jew mechanical eonti-ivances present so striking 
an illustration of the application of human ingenuity 
to the production of important results, and to tho sav- 
ing of labour, as these printing machines. To see the 
sheets of paper travelling along the tapes — -to see 
them shoot downwards, carried sideways in one di- 
rection and back again, and delivered with half a 
million of words impressed upon them in less than 
three seconds, seems like the work of magic. To 
copy that number of words, thus printed in three 
seconds, would occupy a rapid penman forty days, 
working ten hours a day. 

Great as are the printing powers of these ma- 
chines of Mr. Applegath's, they have been surpassed 
more recently by one placed close beside them, in- 
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ventod by Mr. Hoe, of New York. In that machine 
the type cylinder is placed horizontalij, by wliich 
means the paper is supplied directly to it without 




altering its direction. Aa many as twenty thoneand 
impressions in an hour have been produced by tlie 
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American machine, biat it is not yet sufficiently per- 
fected to be brought into regular use. 

In another part of the Ti/ines establiehment there 
is an ingenious macMue for wetting the paper, by 
which contrivance much labour and time arc saved. 
The paper, heaped in a pile at one end of a table, is 
presented in cLuires at a time to the action of a roller, 
which drags it on to a moving endless blanket, that 
is kept wet by a stream of water, and the upper sur- 
face is wetted by a long bnish, placed over the 
blanket. The wetted paper is heaped upon a tiniek, 
which gi-adually descends, to keep the upper sheets 
on a level with the table, till the paper is piled up a 
yard in thickness. The truck is then raised, by 
hydraulic pressui-e, to the level of the floor, and is 
wheeled away and anothei" one is loaded. Between 
nine and ten tons of paper are thus wetted daily ; 
and the sheets of the Tvmes printed during a year, if 
spread out and piled one upon another, would form a 
column as high as Mont Blanc. The c^nantity of ink 
daily consumed in tho printing is upwards of two 
hundredweight. The machine is worked by two 
steam-engines, each of 16-borse power ; and the noise 
of the numerous wheels and rapidly revolving cylin- 
ders is aliaost deafening. 

The great rapidity and the comparative cheapness 
of printing by machinee, together with the greater 
facility of making paper by machinery, have been 
the means of creating a demand for books which it 
would be impossible to supply, unless those means 
were at command. Thousands and hundreds of tbou- 
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sands of copies of publications, that spread knowledge 
among the people of the highest interest to the wel- 
fare of man, and replete with useful information of 
every kind, are now sold at prices which would be 
impossible, were it not for the improvements that 
have been made in the maniifacturc of paper, and in 
the means of printing. 

Nor should we omit to notice, as one of the causes 
tliat have contributed to the production of cheap 
literature, the art of stereotyping, which has been 
perfected during tlie present century. Earl Stanhope, 
the inventor of the adraii-able press that bears his 
name, was prominent in bringing that art to peirfoe- 
tion. 

Numerous attempts had been made in the last 
century to produce casta from pages of type. So early, 
indeed, as lYOO, some almanacks and pamphlets 
were printed in Paris from castings; and an edi- 
tion of Sallust was printed in Edinburgh in 1T39, from 
stereotype plates produced by llr. Ged, a goldsmith. 
The process, however, was not encouraged, and on 
his death it was not further proceeded with. The 
most important advance in the art was made by M. 
Hoffman, of Alsace, who, in 1784, succeeded in ob- 
taining stereotype plates by casting them in moulds 
of clay mixed with gelatine in which the pages of 
type were impressed, with which he printed a work 
in three volumes ; but the castings were imperfect, 
and the plan was soon afterwards abandoned. Among 
the many plans tried to obtain perfect casts of the 
types when set up, was one contiived by M. Carez, a 
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printer of Toul, wlio, in 1791, endeavoured to obtain 
casts in lead from a page of type, hj allowing it to 
drop on the fused metal when it was in a state of set- 
ting. The matiiees thus obtained were in like man- 
ner impressed on a fusible metal, which melted at a 
lower temperature than the lead. Good casts were 
often thus procured, but the uncertainty of the pro- 
cess, arising from the frequent fusion of the lead 
matrices, caused it to be discontinued. Other plans 
were tned in France with more or lees success, but 
nothing was done practically until Lord Stanhope 
directed his attention to the subject in 1800, and re- 
sorted to the onglnal method of obtaining mati'ices, 
by impi'essing the pages of type in a cold plastic sub- 
stance. He employed plaster of Paris for his mould ; 
and when they were thoroughly dried, they were 
plunged in fused type-metal ; and in this manner a 
perfect cast in metal of the original page of movable 
type was produced. The process has been still further 
perfected, and casts from movable types, and frora 
wood engravings, are now made with great facility, 
and the impressions from them are quite equal to the 
originals. 

When it is intended to stereotype a wort, the 
movable types used in composing it are new, and 
tbe " spaces " that separate the words from each 
other are longer than is customary wiien the type is 
to be printed from. These elongated spaces reach 
nearly to the face of the letters, so that the plaster 
may not sink between them. By this means the 
mould is easily removed from the lace of the page of 
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type. The metal casting of each page is very thin, and 
■when required to be used, it is screwed on to blocks 
of wood to the same height as ordinary types. 

Several attempts have been made to apply other 
substances than plaster of Pai-is and type-metal for 
etereotyping. At the Great Exhibition there were 
specimens of gutta percha stereotypes, that produced 
excellent impressions, and there were also fine stereo- 
type castings of type in iron, from which a copy of 
the Bible had been printed. Papier mach6 has been 
found to be a material peculiarly applicable for the 
purpose, and it is now superseding the use of plaster 
of Paris for taking casts of the types. 

By the application of the art of stereotyping, easts 
in metal of valuable works can be kept ready at any 
time, to be printed from when more copies are re- 
quired ; and the expense is saved of keeping on hand 
large stocks of printed paper, or of having a work re- 
composed when a further edition is wanted. 

The inventions of Printing Machines and stereo- 
typing were strongly opposed at first by pressmen and 
compositors, as calculated to diminish the demand for 
their labour. In " Johnson's Typographia," published 
in 1824, the "new-fangled articles" are mentioned in 
a spirit of great bitterness ; and the writer thns ponred 
forth his lamentations at the prospective ruin of the 
members of his profession : — " We are much surprised 
at the apathy and supineness shown by the body of 
master printers with respect to the subject under dis- 
cussion ; they most assuredly had good and sufScient 
grounds for an application to Pariiament for a tax, 
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that should tring the ■work so executed upon an 
equality witli that done hy manual labour." — " We 
feel satisfied that the above would not have met with 
encouragement from a British public, had they been 
awai'e of the evils attendant on it ; they have not 
only to pay a fnll price for the work, but also extra 
poor's rates, in consequence of t!ie men being thus 
out of employ; likewise they are countenancing the 
breaking up and destruction of all the energy and 
talent of that art which was England's proudest boast, 
and her shield against all the throats of her foreign 
foes." 

These predictions of ruin have been completely 
falsified. It has been with the Printing Machines as 
with most other improved machinery for the saving 
of labour : on their flret introduction some hands, no 
doubt, were tlirown out of employ, but the advan- 
tages derived from the saving of labour very soon re- 
acted favourably in creating a greater demand for 
labour than before. The number of cheap periodi- 
cals, and the extensive issues of cheap literature in 
every form, reqiiire a much lai'ger number of work- 
men to supply the demand, even with the aid of ma- 
chinery, than was needed in the best days of the 
manual printing press ; and at no time wero so many 
compositors and pressmen employed as at present. 

In the Eepoi'ts of the Juries of the Great Exhi- 
bition, some interesting statistics are given, showing 
the influence of the invention of Printing Machines 
in extending the demand for books and periodicals, 
"The machine," it is observed, " created a demand. 
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and called into exietence books which, but for it, 
would scarcely have been thought of. As the ma- 
chine-work from type and woodcuta was far better 
than the ordinary piinting of the day, booksellers 
were induced to print extensive editions, because 
they saw the machine could accomplish all they re- 
quired. One of the firet booksellera who availed 
himself of this power was Mr, Charles Knight, who 
projected the ' Ifenny Magazine,' on a hint from Mr. 
M. D. Hill, Queen's Ciounsel. Each nnmber, pub- 
lished weekly, consisted of eight pages of letterpress, 
illustrated witli good wood engravings. The public 
was astonished at the cheapness and good quality of 
the work, but it was its immense sale which rendered 
it profitable ; for some yeare it amounted to 180,000 
copies weekly. Mr, Knight, whose services in the 
cause of educational literature entitle him to the 
highest praise, expended £5,000 a year in woodcuts 
for tlii= work. The Cowper machine has been the 
cause of the many pictorial illusti-ations which chai-- 
acterize eo large a portion of modern publications. 
The ' Saturday Magazine,' ' Chambers' Journal,' the 
' Magasin Pittorcsque,' in Prance, and numerous 
others, owe their existence to this printing machine. 
The principle of chea^ editions and large sales soon 
extended to established works of a higher value. A 
remarkable instance of this was the edition of Sir 
"Walter Scott's Works, with notes, ei^ited by himself; 
instead of the old price 10s, 6d,, t!iey were sold at 5s. 
a volume,* and tlie demand created by this reduction 

* This atatemeat does not adequatalj represent the reduction in 
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in price was so great, that, though the piinter liad a 
strong prejudice agaiast machines, he was compelled 
to have them, the presses of his large establishment 
proving totally iinable to perform the ■work, which 
amounted to upwaj'ds of 1,000 volumes per day for 
about two jeai-s. The Universities of Cambridge and 
Oxford have adopted Mr. Cowper's machines for print- 
ing vast immbers of Bibles, prayer-books, &c,, &c. 
A Bible which formerly cost Ss. may now be had for 
Is, Mr. Cowper recommended the Eeligioiis Ti-act 
Society to pnt aside their coarse woodcuts, to have 
supenor wood engravings, and to pnnt with his ma. 
chine. The Society adopted those suggestions, and 
the result is, that by sending forth well-printed books, 
it could now support iteelf by their sale, without any 
aid from sub scrip tions." 

As an illustration of tlie facilities afforded by the 
invention of Printing Macliines in producing cheap 
editions of the writings of populai- authors, the fol- 
lowing curious facts relating to the Works of Sir 
Waiter Scott, in addition to those furnished in the 
Reports of the Juries, may be found interesting. 

In 1842, a general issue of these Works, in weekly 
sheets or numbers, at twopence each, was commenced 
by the late Mr. Robert Cadell, of Edinburgh, and 
completed in 184T. Of this edition, up to the present 
period (1858), the astonishing number of twislve 
MILLIONS OP SHEETS bavc been issued, the weight of 

price ; for eaoh Tolume, sold at Bs., contained a volume and a half as 
originally published, beaidefi Sir Walter Scott'a notes; and the cheap 
■voluBies were illustrated with steel cngravinga. 
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which amounts to upwards of 335 tons I Anothei' 
edition was published simultaneouBly by Mr. Oadell 
in monthly volumes at 4s., each containing about 360 
pages; this seiies has reached a sale of more than 
500,000 volumes. A third cheap issue, at eighteen- 
pence a novel, is now being published by the present 
proprietors, Messre. Adam and Charles Black, of 
Edinburgh, Neaa-ly 300,000 volumes have already 
been printed of this edition. 

It may be mentioned here, although hai'dly com- 
ing within the scope of the present article, but as af- 
fording a striking example of what literatui'e has con- 
tributed to the revenue of the country in the person 
of a single author, that upwards of 3,500 tons' weight 
of paper * have been consumed in producing the 
various editions of Sir "Walter Scott's "Writings and 
Life ; and the duty paid to Groverament on the pa- 
per, even at the present reduced rate, amounts to no 
less a sum than ^51,450 I 

Since the Juries made their Reports, the develop- 
ment of cheap literature has been greatly extended. 
Newspapers, some of which contain eight fuU-eized 
pages, of six columns each, printed in small type, are 
sold for the mai-vellously low price of a penny, and 
are stated to issue as many as 50,000 copies daily ; 
and some of the newspapers and other periodicals, 
printed on good paper, are issued for a halfpenny. 
Among the works of a standard chai-acter, published 
at prices which nothing but a very extensive scale 

* If the number of sheets of paper used in printing these works 
were laid side by side, tliej would extend aeitly ffty thousand miles I 
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could make remnnerativQ, may be mentioned tlio 
popular series which includes "The Reason Why," 
and " Enquire Within upon Everything." Of the 
eight volumes already issued, each containing about 
350 closely printed pages for lialf-a-crown, nearly 
170,000 copies have been sold within a period of less 
than three years. 
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LITHOGEAPHY. 

The art of printing from stone was invented at 
the end of the last century by M, Aloys Senefelder, 
of Munich ; but it was not brought to such a state of 
poi-fection as to be practically useful until many 
years afterwards. 

The principle on which Lithography depends is 
the different chemical affinities of water for oily and 
for earthy substances, which cause it to run off from 
the one and adhere to the other. The drawing or 
writing is made in oily ink upon a smooth calcareous 
stone that will absorb water, so that, when the atone 
is moistened, the water adheres to it and leaves the 
lines of the drawing traced upon it dry. An inliing 
roller, charged with an oily ink, is then passed over 
the stone and inks the di'awing, but leaves all the 
other parts of the stone quite clean. A damped pa- 
per is nest laid on, and when subjected to great pres- 
sure, an exact copy of the drawing or writing is pro- 
duced. 

This simple and ingenious process has been canied 
to such perfection, that the most beautiful artistic 
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effects can be produced hj it far more economicitlly 
tiian by any other style of engraving ; and further 
improvements in the ai't are being continually made. 
It is satisfactory, tlierefore, to he able to trace its 
history from its very beginnings, of wliich an inter- 
esting accoimt baa been publislied by the inventor 
himself. 

.M. Seuefelder'a father was an actor at Munich, 
and in his youth he followed tlie same profession. He 
turned his attention afterwards to music ; and it was 
in his attempts to devise some means of printing hia 
compositions economically that he clianced to dis- 
cover the art of Hthogi-apby. 

He had previously made himself acquainted with 
the methods of copper-plate printing, and he com- 
menced his operations by etching the notes of music 
on copper-plates, covered with varnish in the ordi- 
□aiy way. He found, however, that it would require 
much practice to enable him to do this propei'ly, and 
not being able to buy copper-plates for his rude essays, 
he thought of practising upon stones. Fortunately 
for the success of liis efforts, the quai'ries at Solenhofen, 
near Munich, supplied him with slabs of stone admi- 
rably adapted for the purpose ; and it is a remarkable 
coincidence, that the material which Senefelder used 
for Ms experiments is tlie best for the purpose of Litho- 
graphy that has hitherto been discovered. His chief 
object in making use of these slabs of stone was to 
practise himself in the manipulation of writing the 
notes, and of biting them in with agyxi-forUs (nitric 
acid), as he supposed the slabs would be too brittle 
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to bear tlie action of tlie press. He did not try, 
therefore, to have these etcliings on stone proved by 
the press, but he contented himself withholding them 
np to a miiTor to observe the progress he was making 
in writing backwards. 

Having at length been supplied with mncli tliicker 
slabs of stone, to bear the recLuisite pressure, he en- 
deavoured to grind and polish thetn Bufficieiitly for 
the purpose of being printed from, in the same man- 
ner as copper-plates. He succeeded to some extent 
in doing so, by means of diluted nitric acid ; and he 
contrived to obtain about fifty good impressions from 
the stone. 

In all these attempts at Lithography, the lines were 
etched into the stone by the action of nitric acid, and 
the only advantages professed to be gained by the 
process were the questionable ozies of comparative 
cheapness of material, and greater facility of working. 
M. Senefelder admits that there was nothing new in 
engraving upon stone ; ail that he claims in that part 
of the invention is, the manner of polishing the sni"- 
face, and the composition of the ink adapted for 
printing from it. The most important step in the 
progress of the invention of Lithography, as at pres- 
ent practised, was mad© by accident, which he thns 
describes : — 

" I was preparing a slab of etone for engraving, 
when my mother asked me to write a memorandum of 
tilings she was about to send to be washed. The 
washerwoman was waiting impatiently whilst we 
searched in vain for a piece of papei', and the common 
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writing ink was dried up. Having no otlier writing 
materials, I wrote the washing bill on the etone I was 
about to prepare for engraving, using for the purpra© 
my ink made of wax, soap, and lamp-black, intending 
to copy it afterwards on paper. Whilst looking at 
the lettera I had written, the idea all at once occuiTsd 
to me how it would do to cover the stone, with the 
writing upon it, with aqna-fortie, eo as to leave them 
in relief, and then to pi-int from them in the same 
manner as woodcuts, with a common letter press. The 
attempis I had hitherto made to engrave upon stone 
had taught me that tlie relief of the letters thus ob- 
tained wonld not be much. Nevertheless, I made 
ihe attempt. I mixed one part of aquaffortis with 
five parts of water, and poured it on the stone to the 
height of two inches, having previously walled it 
round with wax in the usual manner. The diluted 
aqua-fortis was pennitted to rest on tlie stone five 
minutes, I then examined the effect, and I found 
that the lettera were raised above the stone about the 
thickness of a card. Most of the lines were uninjiu'ed, 
and retained their original size aad thickness. This 
gave mo the assurance that writing, sufficiently traced, 
especially if the letters were in printed characters, 
wonld have still greater relief."* 

Though M. Senefelder had advanced thus far, he 
had not yet made application of the chemical prop- 
erties of ink and water, which constitute the distin- 
guishing characteristics of Lithography. That was 

" " L'Art de la lithographic ; " par IT. Alovs Senefelder, laveftteur 
dc I'Art Lithographique. Munich, 1369. 
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reserved for a further discoTery, also brought ahout 
by accident. The difficulty he experienced in writing 
words on the stone in the reTerse way, induced him 
to adopt the plan of writing the letters on paper with a 
soft black-lead pencil, and then transferring them on 
to the stone by presBuro. He subaequently used litho- 
graphic ink for the pui-posc ; and in the course of his 
experiments he observed, that when a paper written 
on with lithographic ink, and well dried, was dipped 
into water on which some oil was floating, the oil ad- 
hered to the writing, and left the rest of the paper 
clean, and that this effect was most striking when the 
water contained some gum in solution. This discovery 
induced him to tiy the effect on pnnted paper ; and, 
taking a printed page from an old book, he moistened 
it with gum- water, and afterwards sponged the whole 
surface witli oil colour. The colour adhered to the 
letters, and left the paper clean, and after further ex- 
periments he succeeded in printing as many as fifty 
copies from a page of printed paper ; the lettera, of 
course, being reversed. The idea then suggested it- 
self of transfemng, on to stone, letters written with 
lithogi'aphic ink upon paper. The plan succeeded, 
and the principle of the art of Lithography was thus 
applied to practice. M. Senefelder, in his subsequent 
improvements, gave a slight relief to the lottere by 
the original plan of using diluted aqua-fortis, by which 
means the impressions obtained were blacker. He 
also contrived the means of printing in colours from 
stone, by reversing the process of ordinary litho- 
ii;i'aphic printing. To produce coloured prints, he left 
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uneovered all the parts that were to receive the 
colour, and the other parte of tlie etone were covered 
with an oleaginous fluid, that quickly dried. On ap- 
plying any water-colour to the stone, it adhered to the 
uncovered surface, and not to the covered pai'te, and 
that colour was ti-ansferred to paper by pressure. In 
this manner, by using several stones properly pre- 
pared, the different colours required were printed, and 
the effect of a coloured drawing was produced. Thus 
we perceive, that almost at the flret invention of the 
art of Lithography, the ingenious inventor showed the 
way of applying it to the production of coloured 
prints, a process which has lately been carried to 
great perfection. 

Senefelder lived to see his invention extensively 
adopted, and to reap benefit from his ingenuity. He 
died at Munich, in 1834, after having been many 
yeai-6 the director of the Government lithographic 
office ; and, in the latter years of his life he received 
a handsome pension from the King of Bavaria. 

There is little to be added to the description of the 
process of Lithography, beyond that given by the 
original inventor in 1819, the principal advances that 
have been made in the art having consisted in im- 
proved methods of manipulating. The ink now gene- 
rally employed for drawing on tlie stone consists of 
equal pai'ts of tallow, wax, shell-lack, and soap, mixed 
■with about one-twentieth part of lamp-black ; but the 
composition is varied, according to the kind of design 
to be executed. For writing or drawing upon paper, 
to be transferred to the stone, more wax is added to 
the ink, to give it greater tenacity. 
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The drawing upon paper, to be tranefen-ed to stone, 
is not attended with any difficulty, and may be done 
by ordinary artists. The ink is applied with a pen, 
or camel's hair pencil, and when the effect of chalk 
drawings is required to be imitated, the ink is shaded 
by means of stumps, simiiar to those need in chalk 
drawings on paper. Some artiste prefer to work di- 
rectly on tlie stone with a camel's hair pencil, or 
with a composition called lithographic chalk. 

To transfer the drawing from paper on to the 
etone, the paper is first sponged with diluted nitnc 
acid, which decomposes the size, and renders it bibu- 
lous. After being placed for an instant between 
blotting paper, to remove superfluous raoieture, it is 
laid witli the drawing downwards on the stone, which 
is slightlj' warmed. The stone is then passed through 
the press, and the drawing adheres firmly to it. To 
romove the paper, it is wetted at the back with water, 
and, when c|_uite soft, it is i-ubbed with the hand. In 
this manner every particle of the fibrous pulp is 
cleai'ed away, and the drawing or writing in ink re- 
mains as if it had been di'awn directly on the stone. 
To prepare the stone for taking the ink, gum water 
is poured upon it, and it is rubbed over with a rag 
containing printer's ink, which serves to blacken the 
writing and prepares the lines for afterwai'ds receiving 
the ink. 

The lithograph thus prepared is given to the print- 
er, who first etches it, in the maimer originally prac- 
tised by M. Senefelder. The nitric acid employed 
for the pui'pose is diluted with about thirty parts of 
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■water, and it is poured over the stone whilst it ia in- 
clined on one side. This process ia repeated several 
times, the ohject of it being not so much to give re- 
lief to the lines, as to roughen the surface of the stone, 
and thus faciUtate its absorption of water. The nitiic 
acid also removes the alkali from the drawing ink. 
In printing, gum is added to tho water with which 
the stone ia moistened, as an additional preventive of 
the ink adhering to those parts not drawn upon. The 
printing ink is applied with lai'ge rollers, and the 
damped paper having heen placed carefully upon the 
stone, with blankets at the back, it is passed throiigh 
the press. 

The lithographic presB somewhat resembles in form 
an iron printing press, but differs from it greatly in 
its mode of action. Instead of the large flat plate 
that ill a printing press is pulled down upon the 
whole BEi-faco of the types, a long, narrow arm, called 
a scraper, is brought to bear upon the stone, and the 
table whereon the stone is laid is pushed forcibly un- 
der it, by which means a great pressure is exerted on 
a smaller surface at Euccessive times, instead of being 
bi'ought to bear all at once. In the principle of its 
action, indeed, a lithographic press is like a printing 
machine, and steam lithogi'aphic presses have been 
invented to work in a similar manner, though the 
practical results have not generally been very aue- 
eessfnl. 

Among the many applications of lithography, the 
transfer of copper-plate engravings is one of the most 
useful. An impression of the plate is taken on paper 
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that is coated with a compound of flour, plaster of 
Paris, and glue, and from the paper it is transferred 
to stone. By this plan the original plate remains un- 
touched, and the printing from the stone is much 
cheaper than from tlie coppei". Tinted lithography 
and chromo-lithographj, by which tlie beautiful 
effects of coloured drawings are produced in the man- 
ner indicated by M.. Senefelder, have recently been 
applied very successfully. 
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The invention of soda-water, in tlie state in which 
it is now known, as an efFeryesciug beverage impreg- 
nated with three or four times its volume of carbonic 
acid gas, is of very modern date. There are, indeed, 
to be found in most of the old works on chemiBtry de- 
ecriptions of I^ooth's apparatus for impregnating 
liquids with carbonic acid ; but all that was attempted 
to be done by that apparatus was to produce an im- 
pregnation of the water with little more than the 
quantity of gas it will naturally absorb under the 
pressure of the atmosphere. It was not until about 
the year 1815 that mechanical pressure was applied 
to force a larger quantity of gas into combination 
with water, to imitate the briskly effervescing medi- 
cinal waters of Germany. 

Mr. Schweppe and Mr. Paul were the first who 
introduced the manufacture of artificial effervescing 
waters into England, and soda-water w^ then con- 
sidered, as tea was on its flret introduction, entirely 
medicinal. Indeed, the quantity of soda which was 
at that time usually dissolved in tlie water gave it a 
' 'e taste: but when the manufacturers dimiu- 
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ished the quanity of alkali, and increased the volume 
of gas forced into the water, thoy produced a pleasant 
beverage, which soon became in request for its re- 
freshing, wholesome qualities. 

The apparatus for the manufacture of Boda-water, 
as it is usually made on a large scale, consists of a 
strong vessel, fui-nished with a safety valve, in which 
tlie water is impregnated with gas. This vessel, con 
taining about nine gallons, is made of thick wood, 
well seasoned and nicely fitted, and bound round 
with strong iron hoops, the heads of the cask being 
well secured by means of iron bolts and screw nuts. 
It is requisite that the receiver should be capable of 
bearing a pressure of at least six atmospheres, which 
is equal to 90 lbs. to the square inch. 

The carbonic acid gas is generated from chalk or 
whiting and diluted sulphnric acid. The materials 
ai'e mixed together in a small closed wooden or leaden 
vessel, provided with an agitator, that can be worked 
by a handle fixed to a projecting axis at the top. The 
gas, as generated, enters by a bent tube into a gas- 
holder, the opening of the tube being under water. 
By this means the gas is freed from tlie fumes of sul- 
phuric acid vapour, and from the fine particles of 
chalk that become mingled witli it during its sudden 
liberation. The gas sometimes undergoes a further 
purification, by passing through a gas washer, before 
it is forced into the water. 

A small foi'ce-pump, worked by a crank, with the 
assistance of a fly-wheel, draws the carbonic acid from 
tlie gas-holder, and forces it into the water. The com- 
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Tjination of the gas and water is facilitated by an agi- 
tator, the axle of which projects through a stuffing 
box, and it is worked either by iiand, or is turned by 
means of a Email cog-wheel, that works into the teeth 
of a larger one fixed to the crank axle, so as to pro- 
duce rapid rotation. 

It is found recLuisite, in the first place, to expel the 
atmospheric air in the receirer ; for which purpose 
the safety valve is left open for a short time after the 
gas is being forced in, otherwise it would retard the 
impregnation of the water by the gas. When the gas 
and water are well incorporated, the liquid will con- 
tain as many volumes of gas as there are atmospheres 
of pressure in the air-apace above it in a state ready 
to effervesce, and one other volume, with water ab- 
sorbs under the pressure of the atmosphere. Thus, 
when there are three atmospheres of gas under pres- 
sure, each bottle of soda water contains four bottles 
full of gas, which are absorbed without perceptibly 
increasing its bulk. The perfect impregnation of the 
water with gas, however, requires time. The water 
will, indeed, become brisk almost as soon as two or 
three atmospheres of gas have been forced in, but it 
will not acquire the fiavour of good sodar-water imtil 
the gas and water have been allowed at least half an 
hour to digest ; and it is improved by remaining in 
contact for several houi-s. 

The temperatui'e has considerable influence in the 
process of impregnation, for in hot weather the gas 
will not combine so readily, nor will tlie water ab- 
sorb an equal volume of gas. In summer time, 
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therefore, soda-water should "be made before the 
beat of the day, and ice should be added to the 
water. 

"When the receiver is fully charged, and the ope- 
ration of bottling begins, every bottie-fuU that is drawn 
off dimiu jsliea the pressure on the water that remains ; 
and if no means were taken to add more gas, the 
eoda-water would gradually become weaker and 
weaker as each bottle was drawn off. It is nsual, in 
the beet arranged apparatus, to have two tubes con- 
nected with the force-pump, one of which feeds it with 
water, the other with gas, by which contrivance 'water 
and gas. In their proper proportions, are eontinnally 
forced into the receiver, which may thus be always 
kept nearly full. 

The process of bottling requires great manual dex- 
terity. The neck of the bottle is pressed by a lever 
against a collar of leather lixed to a flange on the tap, 
BO that, when the eoda-water rashes in, no air nor gas 
can escape. The pressure inside the bottle therefore 
quickly becomes equal to that of the receiver, and the 
water ceases to flow through the tap, until some of 
tlie air is allowed to escape. When the bottle is 
nearly full, the operator quickly withdraws it with 
one hand, and having a cork ready in the other, he 
puts it in before the water can rush out. The cork 
is then forced in further by pressure, and fastened 
down by wires or strings, 

A bottling apparatus has been invented for facili- 
tating the process ; but a man accustomed to bottle by 
hand can do it more quickly, and with as litfle waste 
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of gas and water as with a machine. Much depends, 
however, upon the state of the soda-water iu the re- 
ceiver; for if the gas be well digesteiJ, and the tem- 
perature low, it rushes into the bottle with much lees 
force, though the water may contain a greater quan- 
tity of gaa, than when it is newly made, and ap- 
parently more bnsk. The bottles very freq^uently 
burst during the operation with great violence, and 
unless they are enclosed in a guard, the men are liable 
to be severely injured. Glass bottles have now gen- 
erally supplanted those made of earthenware, which 
were formerly used ; and though the glass bottles are 
much stronger than the eai'thenware ones, the burst- 
ing of them, when it does occur, ia far more dan- 
gerous. 

The process of forcing gas into the water by me- 
chanical pressure, in the manner described, requires 
great labonr, for the pump has to be worked against 
a pressure exceeding fifty pounds on the square inch. 
With a view to remove that inconvenience, and to 
avoid the use of costly machinery, so that private in- 
dividuals might manufacture soda-water, the author 
contrived a modification of Nooth's apparatus, for 
which he obtained a patent in 1831. By that means, 
the gas is generated in a closed vessel, and forces it- 
self into the water by its own elasticity. Any amount 
of pressure can thus be obtained by chemical action 
alone. The accompanying woodcut represents a sec- 
tion of the apparatus in its improved form. The ves- 
sel, A, 18 made of very strong stone wai'C, inside which 
is the gas generator 5. A few inches from the bottom 
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of thG generator is the partition, a, perforated with 
holes, and near the top there is inserted the small 
tube, c, which conveys the gas down to a perforated ex- 
pansion of the tube, d, through the apertures of wliieh 
the gas issues into the water contained in A. Another 
tube, 6, reaches near the bottom, and is connected 




■with a stop-cock for the pui-pose of drawing ofE the 
aerated liquid. In charging the apparatus, the inte- 
rior, A, is nearly filled with water, or other liquid, 
through tlie opening,/", which is then closed by cork, 
which is kept in its place by a screw nut. A few 
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ounces of earljonate of soda, mixed with water, are 
then poured into the generator through the opening 
at g. The mixture flows through the apertures in the 
pai'tition, and occupies the lower part of the genera- 
tor. A proportionate quantity (about three-fourths 
of the weight of the soda) of tartaric acid in crystals 
ie then introduced throngh g, which lodge on the top 
of the partition without touching the soda. The open- 
ing being then closed by a screw-nut, the apparatus, 
which is mounted on pivots, with an appropriate 
stand, is swung backwards and forwards like a pen- 
dulum. Tlie effect of this agitation is to force a por- 
tion of the water saturated with carbonate of soda 
through the apertures at a, where it comes in contact 
with the tartaric acid, and instantly genei'ates car- 
bonic acid gae. The gas, having no other escape than 
through the tube, e, is forced into the vessel A, and 
becomes mingled with the water by the same act of 
vibration that brings the soda and tartaric acid to- 
gether. The continuance of the vibratory action for 
a short time generates sufficient gas to. aerate the water 
or other liquid contained in the vessel, A. When the 
aeration is completed, the soda-water may be drawn 
off, as required, through the stop-cock. The appara- 
tus is made of two sizes, to hold one and two gal- 
lons. 

The tartaric acid and soda in the generator do not 
mingle with the water, and the tarb-ate of soda, 
resulting from the combination, is emptied after the 
soda-water is drawn off, before renewing the charge. 

A Preiich modification of this apparatus, in glass 
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vesaels protected by cane netting, called a " gasogene," 
has i.ecently been introduced, and is extensively used. 
Tbe materials for generating the carbonic acid gas 
are put into the smaller veseele, and kept separate 
nntil the apparatus is inverted, and tiien gas ia rap- 
idly generated, and forces itself through the water, 

Tbe powders that are sold for making soda-water, 
by mixing them together, consist of carbonate of soda 
and tai-taric acid. When brought together in solu- 
tion, a violent effervescence ensues, but the gas is not 
combined with the water in the same manner as when 
it ia forced in and allowed to remain for some time 
with the licLuid to be aerated. There ie the further 
disadvantage attending such powders, that the tar- 
trate of soda, formed by the tartaiic acid and the car- 
bonate of soda, employed to generate the gas, is 
dmhk with the water. 
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" le there anything whereof it may be said, See, 
this is new ? it hath been already of old time, which 
was before us."* This observation of Solomon, the 
con-ectness of which we have often seen verified in 
this History of Inventions, is applicable even to that 
great apparent novelty the formidable " Kevolver " — 

that deatli-dealiug weapon, which will fire six ehots 
in rapid snccession by merely pulling the trigger so 
many times, as fast as it is possible. 

The Revolver was almost unknown in this country 
until 1851, when it was brought prominently into 
notice at the Great Exhibition, by the epecimens 
shown there by Colonel Colt, of the United States. 
Pistols with six barrels, which might be iired succes- 
sively with the same lock, by turning them round, 
were, indeed, previously seen in gun-shops ; but their 
clumsy form and their gi'eat weight prevented them 
from being used. Nor was Colonel Colt much moi-e 
successful in his earlier attempts to bring his Revolver 
into public notice. He obtained his first patent in 

" Book of EccleEiaates i, 10, 
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America in 1835, and establisbed a manufactory for 
the pistols at Paterson, United States, where he ex- 
pended £35,000 in attempting to bring the fire-arm 
to perfection, but ■with no beneficial result to himself 
beyond gaining costly experience. He made further 
improvements in 1849, and so far perfected the 
weapon that it had been used extensively in America 
before it was brought into notice in this country. 

When Colonel Colt came to England, he under- 
took to investigate the origin of repeating fire-arms, 
with a view to ascertain how far he had been antici- 
pated ; and the result of his researches was, that re- 
peating fire-arms, similar in principle to hie own 
Revolver, had been invented _/(Jw centuries before. 

He found in the Armoury of the Tower of London 
a matchlock gun, supposed to have been made as 
early as the fifteenth century, which veiy closely re- 
sembles, in the principle of its construction, the Re- 
volver of the present day. It has a revolving breech 
with four chambers, mounted on an axis fixed parallel 
to the bari'el, and on that axis it may be turned 
round, to bring any one of the four loaded ehambei-s 
in succession in a line with the baiTel, to be dis- 
charged through it. There ai'e notches in a flange at 
the fore end of the revolving breech to receive the 
end of a spring, which is fixed to the stock of the gun, 
for the purpose of locking the breech when a chambei" 
is brought round into the proper position. The ham- 
mer ie split at the end, so as to clasp a match, and to 
carry its ignited end down to the priming powder 
when tlie trigger ie pulled. Each chamber is pro- 
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Tided with a priming pan that is covered hj a swing 
lid, and, before firing, the lid is pushed aside by the 
finger, to expose the priming powder to the action of 
the lighted match. If the date of this gun be cor- 
rectly stated, a very rapid advance in the art of gnn- 
neiy must have been made after the invention of gun- 
powder, which took place only one hundred years 
previously. The want of a better mode of discharg- 
ing the gnn than a lighted match was one of the chief 
obstacles to the inti-odaction of the Revolver fonr cen- 
turies ago. 

There is also in the Tower Armoury a specimen 
of a repeating fire-arm of a more recent date, though 
still very ancient, that presents considerable improve- 
ment on the preceding one. It has six chambei^ in 
the rotating breech, and is furnished with a barytes 
lock and one priming pan, to fire all the chambers. 
The priming pan is fitted with a sliding cover, and a 
vertical wheel with a seiTated edge projects into it, 
nearly in contact with the powder in the pan. To 
this wheel a rapid motion is given by means of a 
trigger-spring, acting upon a lever attached to the 
axis of the wheel ; and tlie teeth of the wheel sti'ike 
against the barytes, which is brought down, previously 
to firing, into contact witli it, and the sparks thus 
emitted set fire to the powder in the priming pan, 
• and discharge the piece. In this instance, also, the 
breech is rotated by band. 

A still further advance towards perfection in re- 
peating fli-e-ai-ms is to be seen in the United Service 
Husenni, wiiere there is a pistol, supposed to have 
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been made in the time of Charles I., with tlie bi'eecli 
rotated by mechanical means. In this pisto), the act 
of puIHng hack the hammer turas the breech, con- 
taining eix chambei-8, one-eixth part of a revolution, 
and tlte piiming powder is ignited by a flint hammer 
Btriking against steel. 

The maniifaeture of these fire-ai'ms presented some 
practical difficulties which could only be overcome 
by great care and skill in the construction ; and from 
the failure in this respect they were not patronized. 
It was necessary, in the first place, that the loaded 
cliambere should be brought into an exact line with 
the baj-rel, and be firmly retained there during the 
discharge. It also recLuired gi-eat nicety in the fitting 
of the breech to the bai'rel, to prevent the fire from 
communicating to the other chambere. A further 
difficulty was to prevent the spindle, whereon the 
breech revolved, from becoming foul by the explosion 
of the powder ; otherwise, after finng a few times it 
would stick fast, and the gun would become useless. 

The earliest patent for repeating fire-arms in this 
countiy was obtained by James Puckle, in 1718, for 
a gun with a rotating breech. There were six cham- 
bers in the breech, which was tiirned round by a 
winch, and, when the six were fired, there was an ar- 
rangement by which the chambered breech could bo 
removed, and another loaded one substituted for it,- 
Mr. Pncklo appears to have been of a poetical turn 
of mind, and the specification of his patent is enlivened 
by the following loyal couplet, which deserves to be 
i as a novelty in patent records :— 
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" DefendiGg King George, Onr countrj' and lawa, 
Is defending jouraeives and the ProteatHnt cause." 

The invention of percussion piiming in 1800, by 
tlio Eev. A. J. Forsytlij was an important step towards 
tlie perfection of fire-arms generally, and of Revolvers 
in particular ; for until the chambered breecli could 
carry round with it in a compact form the priuiing 
for each cliamber, the construction innst haye been 
clumsy, and the action uncertain. 

Colonel Colt, as already stated, took out hia flret 
patent in 1835, and in 1849 he patented the improved 
Kevolver, which he has bronght into general use. It 
has six chambers in the rotating breech, and the nip- 
ples to hold the percussion caps are sunk into a recess, 
so that the lateral iire, if any, cannot reach them ; and 
at the other end, the chambers are pi-otected from 
lateral fire by chamfering their mouths. By these 
means, the danger of firing the gunpowder in the 
other chambers is effectually provided against. 

The demand for Colt's Eevolvere became so great 
after the last impi^ovements were made, that at his 
manufactory, at Hartford, in America, he made 53,000 
of them in 1853 ; and at his manufactory at Vauxhall, 
near London, he employs upwards of 300 workmen, 
thongh by far the largest portion of the work is done 
by machinery. 

Several improvements have been introduced in 
Eevolvere since Mr. Colt's patent of 1849, among 
which is the arrangement, made by Mr. Adams in 
1851, for causing the chambered breech to turn by 
the action of pulling tlie trigger, which at the same 
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time draws back the hammer. By this arraiigemciit, 
the whole of the six loaded chambers may be dis- 
charged in three Beconds, whilst the pistol continues 
presented. 

The latest improvements in Eevolvers were con- 
tiived by Mi. Joeiah Ella, ot Pittsburg, Worth Ameri- 
ca, as specified m a patent obtained for him by the 
author, in his own name, in 1855. The annexed 
woodcuts show the figuie of tliis Revolver, with tlie 




working parts round the lock exposed to view, to- 
gether with the shape of the revolving chambered 
breech. 

In this improved Revolver, the force required to 
pull back tiie hammer, a, is regulated by a double 
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spiing, w, SO as to diminisli as tlieliammer is drawn 
back ; and at the moment of firing a slight pull of the 
trigger is enfHeient, Anotlier improvement eonsiste 
in the addition to the chamhered breech, </, of a pro- 
jecting tuhe, which prevents the spindle on which it 
tuiTis from heeoming foul; and there is also a safety 
bolt added, as a protection against accidental firing. 

The plan of making the mere action of drawing 
the trigger turn the chambered breech and pnll back 
the hammer, as originally contrived by Mi-. Adama, 
required so mnch force to pull the trigger as to inter- 
fere materially with the accuracy of aim. Tliere 
was danger, also, in that mode of turning the cham- 
bered breech, arising from premature firing. In Mi-. 
EUs's Kevolver these objections are in a great 
measure obviated ; first, hy the action of the double 
spring, by which the force required is diminished as 
the trigger is pulled farther back ; and in tlie second 
place, by mailing the shoulder of the hammer catch 
into a small notch, which holds it at full cock, until, 
by a furtlier pnll of the trigger, the pistol is fired. 

An improvement in the art of war, no less im- 
poriant than the Eevolver, was introduced nearly at 
the same time. The Revolver affords a formidable 
means for attack or defence at short distances, whilst 
the Mini^ Rifle extends the destrnctive range of fire- 
arms fai- beyond the distance to which the ordinary 
musket ball conld reach. The principle of rifling gun 
bai-rels was first made known in the specification of 
an invention patented in 1789, by Mr. Wilkinson, the 
improvement he effected being thus described :— 
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" The grni, or piece of ordnance, after being bored in 
tbe usual method, hath cut therein two spiral grooves, 
which run the whole length of tho bore. These 
curves, according to their curvature, will give a cir- 
cular motion to the shot during its flight." 

The spiral grooves, when the bullets are rammed 
down, cause the ball to offer gi-eater resistance, there- 
fore the explosive force of tlie gunpowder is bi-ought 
to act upon them more completely before they leave 
the gun barrel ; and the rotary motion imparts greater 
steadiness to the ball. Rifled barrels, therefore, carry 
the balls farther, and increase the accuracy of the 
aim. They, however, require increased power and 
longer time to ram down the ball in loading, and the 
risk of bursting the gun is increased if tlie ball be not 
I'ammed close upon the powder. For these reasons, 
tliey were considered unfit to be einployed generally 
by soldiers, and they were entrasted only to select 
corps of riflle shootere. The object of Captain Minie's 
invention was to facilitate the loading of rifles, by 
contriving a bullet which might be easily rammed in, 
and would expand in the act of firing, so as to fill np 
tlie grooves. What is commonly called tlie Minie 
Rifle is, in fact, only a Minie Rifle Ball, for tlie 
baiTcls of the gnns are nearly the same as tiie 
ordinary grooved rifles. 

The ball is an elongated one, with a hollow cone 
at the bottom, into which is fixed an iron button. 
When the gun ie fired, the button is forced into the 
cone, and expands the lead, which thus fiUs up tiie 
grooves and gives a spiral direction to the bullet. 
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T!ie Miui6 ball serves the puii^oae excellently for a 
short time, tut aftei- firing several roonds the iron 
button ie forced through the lead, leaving a portion 
of it behind, which clogs up tiie barrel, and renders it 
unfit for use. 

Several Bubstitutes for iron were tried, to remove 
that inconvenience, and it was at length found tliat 
the button might be diepeneed ivitix altogether, for 
the hollow cone is of itself sufficient to expand the 
lead. The balls are, therefore, now made in that 
manner at the Government gun manufactory at En- 
field, and the rifled guns now used in the army, 
which carry bullets to the distance of a mile and 
moi-e, are called the Enfield Rifie. The cost of each 
of these rifles to the Government is stated to be £3 
48. Tjd. As the balls are made to slip into tlie bar- 
rels easily, they can be loaded as readily as the com- 
mon mnslfet: and they will cany three times the 
distance, with much more certainty. 
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Many ingenious men have vainly attempted to 
apply what lias been erroneotislj called " centrifugal 
force" as a motive power, conceiving that the effort 
made by bodies to ily off when whirled round in a 
circle was occasioned by a force generated by their 
rotation. The experiment of the " whirling table," 
which is commonly shown to illustrate centrifugal 
action, tends to confirm the notion tliat force is gene- 
rated ; for it is there seen that, when the velocity of 
rotation is doubled, the centi'ifugal force is quadru- 
pled, and that it continues to increase in a geomet- 
rical ratio. It has, therefore, been conceived that a 
power might be generated of indefinite amount ; for 
as a double velocity can be communicated by doub- 
ling the moving power, whilst tlie tendency to fly off 
at the circumference ie quadrupled, there appeared to 
be a creation of power which, if properly applied, 
would realize perpetual motion. 

A working engineer known to the author was so 
fully possessed with the notion that power might thus 
be created, and that its application would be of the 
utmost benefit, that he imagined he had been specially 
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appointed to reveal the principle to man, ae a boon 
of inestimable value to tbo manufacturing arts. The 
plan he adopted was to employ what he called a 
generating engine, consisting of a centi-ifugal pump ■ 
and the force with which the water was projected 
from the ends of two rotating horizontal arms was 
directed against pistons working in cylinders, as the 
force of steam is in a steam engine. Having once 
set this machine in action, he expected to be able, by 
means of the self-creating centrifugal force, to gener- 
ate the power that worked the generating engine, 
and th\i8 to have a reservoir of force of any magni- 
tude constantly at command. So completely satisHed 
was he of the practicability of the plan, founded, as 
he supposed, upon one of Kewton's laws of motion, 
and he felt so happy in the thought of being charged 
with an important mission for the benefit of mankind, 
that it was almost cruel to attempt to correct his no- 
tions of the power of centrifugal force. He spent all 
ids money in endeavouring to realize this impossible 
project, and even its failure did not convince him of 
liis error. 

The simple bind of Centrifugal Pump applied in 
that chimerical scheme was known upwards of one 
hundred years ago. It consisted of a vertical hollow 
shaft, into which were inserted two horizontal arms, 
Tlie shaft was supported on a pivot at the bottom, and 
was turned by a handle at the top, as represented in 
the accompanying drawing. The lower end of the 
vertical shaft was immersed in water, and when 
rotary motion was given to the machine, the centri- 
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faga! action propelled the water from the ends of the 
arms, and the water rose in the vertical shaft to sup- 
ply its place. 

The effect in a pump of this constrnction is due 
to the pressure of the atmosphere, for the ontpouriiig 
of the water from the lotating aims tends to produce 
a vacuum in the shift, m tht same mannei as the 
lifting of the plmigti m i common pump It is 




evident, theretoie thit a Centrifugal Pomp of that 
construction could not riise a column of water higher 
■than the pressuie ol the atmospheie would force it 
up, which would be ahout thirty feet 

Mr, Appold's Centrifugal Pump, which consti- 
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tuted one of the most remai'bable features of the 
Machinery Department of the Groat Exhibition, is 
constructed on a different plan, tlioiigh the principle 
is the same. The rotating arms are immersed in the 
water to be raised, and to duninieh the resistance 
which would be produced by the rotation, in water of 




two or more exposed iimb, thej iie enclosed ^vlthln 
discs of metal, about one toot in diaraetei, and thiee 
or four inches apai-t The aims are totmedby cnived 
partitions hetween the discs, which radiate from the 
centre to the outer rim, towards which tlie space be- 
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tween tlie discs is contracted. This pump is fixed on 
an axis, to which rapid rotary motion can he given; 
and it is i[itted into a case connected with the pipe 
that conveys the water to the disclmrging orifice. 
The water enters the rotating diac througli a large 
aperture in the centre, and it is forced through the 
spaces formed by the radical arms with increasing 
velocity, until it escapes from the circumference. 
Sections of Mr. Appold's pnmp are shown in the ac- 
companying diagrams, in which A is the central 
opening for the admission of water ; C, C, C, the 
cnrved radical partitions wliieh form the arms by 
which motion is communicated to the watei-, and 
throngh the ends of which it issues into the exteiTisl 
case, connected with the lift-pipe, D. 

In the Great Exhibition there were two other 
Oentrifogal Pumps shown in action, one by Mr. Bes- 
semer, and one by Mr, Gwynne, from America ; but 
neither of them exhibited snch striking effects as Mr. 
Appold's, which -was so an-anged as to throw out a 
contiiinons cascade- of water from an aperture six feet 
wide, at a height of twenty-six feet. The Jury of 
Class v., who made numerous experiments to deter- 
mine the practical efficiency of Centrifugal Pmnps, 
and the relative merits of the three exhibited, report- 
ed very favourably of that of Mi'. Appold, to whom a 
Council Medal w^ awarded. When rotating at the 
rate of 788 revolutions in a minute, and lifting the 
water 194 feet, the greatest practical effect, compared 
with the power employed, was attained. The dis- 
charge of water per minute at that height, with the 
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pump rotating with a velocity of 788 revolutions, was 
1,236 gallons ; and with a lift of 8 feet, 2,100 gallons 
]>er minute were discharged, when the rotating 
velocity was 828 revolutions per minute. In Mr, 
Gwynne's and Mr, Ecssemer's pumps, which had 
straight vanes, the ratio of power to the effect did not 
exceed 0-19, One of Mr. Appold'e pumps, only one 
inch in diameter (the exact size of the small diagram), 
will discharge ten- gallons per minute. The greatest 
height to which water has heeu raised hy the pumps 
that are one foot in diameter is 67*7 feet, with a 
volocity of 4,153 feet per minute. 

The velocity with which the pump should revolve 
depends upon the height to which the water is to be 
raised. Beyond a certain height, the required ve- 
locity is practically unattainable, but long before tliat 
limit is reached tlie waste of power becomes so gi-eat, 
that the pump is of no value, for the pressure on the 
circumference counteracts the force with wiiich the 
water is expelled. It is, therefore, only at compara- 
tively low levels that the Centrifugal Pump is a use- 
ful engine. The absence of all valves renders it very 
suitable for draining marshes, and for other similar 
purposes, as the muddy water and snspended matters 
will not obstruct its action. 

In the Eeport of the Jury the influence of the 
curved shape of the radial arms is considered very 
important in producing the effects. "If the vanes 
be straight," the Keport observes, "it is evident, that 
whatever may be the velocity of the water in the 
direction of a radius, when it leaves the wheel its ve- 
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locity in the direction of a tangent will be tbat of the 
circumference of the ■wlieel, so that the gi'eater the 
velocity of the wheel the greater will be the amount 
of vis vwa remaining in the water when discharged, 
and the greater the amount of power nseleasly ex- 
pended to create that vis viva. If, however, the vanes 
be curved backwards as regards the motion of the 
wheel, so as to have neai'ly the direction of a tangent 
to the circumference of the wheel at the points where 
they intei'sect it, the velocity due to the eentiifagal 
foi'ce of the water carrying over the surface of tlie 
vane in tlie opposite direction to that in which the 
wheel is moving, and nearly in the direction of a tan- 
gent to the eirciimfevence, will— If thia velocity of the 
water over the vane in the one direction be equal to 
that in which the vane is itself moving in the other — 
produce a state of absolute rest in the water, and 
entire exhaustion of ms viva." It is an interesting 
fact in the histoi-y of the invention, that the curved 
form was formerly adopted in some of the American 
pumps, and afterwards abandoned. 

There are competing claims to the invention of 
Centrifugal Pumps in the form now adopted. This 
kind of pump is stated to have been used in America 
in 1830. M. Charles Combe took out a patent in 
Prance for a similar pump in 1838 ; but though IMj-. 
Appold was later in the field with his more perfect 
machine, he appeai-s to have proceeded independently 
of previous inventors. 
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'Ho sooner had the formation of railways com- 
menced for carrying passengers in long trains of car- 
riages drawn by heavy locomotive engines, than the 
want was experienced of some differcat kind of biidge 
from any then existing for crossing rivers, ];oads, and 
valleys. The train conld not he turned sharply round 
a curve to croaa a road at right angles ; and to make 
the requisite hend to enable it to do so would have 
taken the railway considerably out of its du'eet course- 
To overcome this difficulty "skew biidges" were de- 
signed, that crossed roads and canals in slanting di- 
rections. Iron girder bridges were also constructed, 
and thus the railway trains were carried across roads 
and narrow rivere at any required inclination, sup- 
ported on flat beams of iron. Suspension bridges 
were found to be uniitted, on account of their oscil- 
lation, for the passage of locomotive engines ; there- 
fore, when it became necessary to carry railways 
across arras of the sea, or wide navigable i-ivers, at 
heights Buflcient to allow the largest ships to pass 
underneath, neither girder bridges nor suspension 
bridges were suited for the purpose. Then arose the 
r of contriving some form of bi-idge of exton- 
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sive span tliat would be enfflcieiitly strong and rigid 
for railway trains to pas3 over them in Bafetj, 

The Britannia Bridge, across the Menai Straits, 
was a triumphant reepouse to the call for a new kind 
of suspended roadway adapted to tlie rec[uireinents of 
railways. The tubular principle of consti'iiction, de- 
signed by Mr. Robert Stephenson, was practically- 
tested by Mi: Fairbairn ; and the result of numerous 
experiments on the strength of iron, in different fonns 
and combinations, established the soundness of tliat 
principle. The rigidity and strength of the Britannia 
Bridge depend on cellular cavities at the top and 
bottom, which, acting as so many tubes, give stability 
to the riveted plates of iron, and enable the bridge to 
bear the immense pressure and vibration of a heavy 
3'ailway train without deflecting more than half an 
inch. 

It was Mr. Stephenson's original intention to make 
a circular or oval tube, suspended by chains, for the 
trains to run through ; but Mr. Fairbaim's experi- 
ments proved tliat a rectangular shape is stronger, 
provided the top and bottom, which bear the greatest 
part of the sti'ain, are made rigid, either by additional 
plates of iron, or by tubes. The notion of a circular 
tube was, therefore, abandoned, and the rectangular 
form, with cells at the top and bottom, was adopted ; 
first for the railway bridge at Oonway, and afterwards 
for the mncb greater work across the Menai Straits. 

It has been stated hj Mr. Stephenson, that the 
idea of forming a tubular bridge was suggested by 
experience gained in constructing the railway bridge 
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at Ware, wMeh consisted of a wroiiglit-iron cellular 
platform ; but a more exact repreBentation of the prin- 
ciple on which the Britannia Bridge is conatrueted 
Lad been long previously seen across the Ehine, at 
Schaiiffhausen, where a rectangular tube, or hollow 
girder, made of wood, was erected in 1757. That 
bridge, though of different material, was in its prin- 
ciple of eoneti'nction similar to the iron tubular 
bridges at Conway and at tte Menai Btraite. Ano- 
ther similar bridge, cairied over the river Limmat, at 
"Wettingen, constructed in 1778, had a span of 390 
feet ; and that, as well as the former, was raised to 
its position in one piece, by means of powerful screw- 
Jaws. These curious and interesting etructnres, 
which may be considered the forerunners of the 
gigantic iron Tubular Bridges of the present day, 
were burnt by the ^French in 1799. 

In constructing the Britannia Bridge, Mr. Stephen- 
son took advantage of a rock midway from shore to 
shore, whereon to erect the central pier. Two other 
piers, at a distance, on each side, of 460 feet, were 
built without much difficulty in shallower water, and 
between these and the masonry on each side was a 
distance of 330 feet. There are eight rectangular 
tubes resting on those piers, to form two lines of rail- 
way, each tube being 28 feet high and H feet wide, 
exclusive of the cellular cavities at the top and bot- 
tom. These cavities are rectangular, and extend 
from one end of the bridge to the other, and may be 
regarded as long tubes. There are eight of them at 
the top, each 1 foot 9 inches square, and there are six 
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at the bottom, the latter heing 2 feet i inches wide, 
and the same depth as those at the top, Sound is 
conveyed through these cavities as readily as through 
speaking tabes, and conversation can he thus easily 
carried on across the Straits. 

The height of the central pier of the Britannia 
Ei-idge, from the foundation to the top, is 230 feet ; 
and the height of the roadway above high water 
mark is 104 feet. The length of the large tubes, 
through which the railway carriages pass, on each 
side of the central pier, is 460 feet : and the total 
length from shore to shore, 1,531 feet. The tubes 
are connected together at the piers to give the bridge 
additional strength, and thoy are composed altogether 
of 186,000 sepai'ate pieces of iron, which were pierced 
with seven millions of holes, and united together by 
upwards of two luillione of rivets. The whole mass 
of iron employed weighed 10,540 tons. 

Tlie Britannia Bridge was commenced in May, 
1846, and the first of the main tubes was completed 
in June, 1849. The work was carried on close to the 
bridge, on tlie Anglesea shoi-e; and when the tube 
was ready to be transported to its place on the piers, 
which had been prepared to receive it, eight flat- 
bottomed pontoons were provided to carry it, which, 
being brought underneath, floated the ponderous 
mass on the water as they rose with the tide. 

The floating and fixing in its place of the tube 
took place on the 37th of the same month, in view 
of an immense concourse of spectators. After the 
preliminary arrangements for letting go had been 



Hosted by Google 



286 QEEAT FACTS. 

completed, Mr, StepheiiBon, and other engineers, got 
on the tube, with Captain Claxton, E. IST., to whom 
the management of the floating was entimsted. A 
correspondent of the Illitstrated London JSfews thus 
desci'ibes the proceeding, and its snecessfnl resnlt : — 
" Captain Claxton was easily distinguished by hia 
speaking trumpet, and there were also men to hold 
the letters which indicated the different capstans, so 
that no mistake could occur as to which capstan 
should be worked ; and flags, red, blue, and white, 
signified what particular movement sliould be made. 
About T.30 p.m. the iirst perceptible motion, which 
indicated that the tide was lifting the mass, was oh- 
BerTed, and at Mr, Stephenson's desire, the depth 
of water was ascertained, and the exact- time noted. 
In a few minutes the motion was plainly visible, the 
tube being fairly moved forward some inches. This 
moment was one of intense interest, the huge bulk 
gliding ae gently and easily forward as if she had 
been but a small boat. The spectators seemed spell- 
bound, for no shouts or exclamations were heai'd, as 
all watched anxiously the silent course of the heavily 
freighted pontoons. The only sounds heard were the 
shouts of Captain Claxton, as he gave directions to 
' let go ropes,' to ' haul in faster,' &c, ; and ' broad- 
side on,' the tribe floated majestically in the centre 
of the stream, I then left my station, and ran to the 
entrance of the works, where I got into a boat, and 
bade the men pull out as fai' as tliey could into the 
middle of the Sti'aits. This was no easy task, the tide 
running strong ; but it afforded me several splendid 
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views of the floating mas8, and one was especially 
fine ; the tube coming direct on through the stream 
— the distant hills covered witli ti-eea, two or three 
small vessels and a steamer, its smote blending well 
with the scene, forming a capital background ; whilst 
on one side, in long stretching perspective, stood the 
three unfinished tubes, destined ere long to form, 
with the one then speeding on its journey, one grand 
and unicLue roadway. It was impossible to see this 
grand and imposing sight, and not to feel its single- 
ness, if we may so speak. Anything so rnigbty of its 
kind had never been before : again it would assuredly 
be ; but it was like the first voyage made by the first 
steara-vessl — something until then unique. At 8.35 
the tube was nearing the Anglesea pier, and at this 
nioment the expectation of the spectators was greatly 
increased, as the tube was so near its destination : 
and soon all fears were dispelled, as the Anglesea 
end of the tube passed beyond the pier, and then the 
Britannia pier end neared its appointed spot, and it 
was instantly drawn back close to the recess, so as to 
rest on the bearing intended for it. There was then 
a pause for a few minutes, while waiting for the tide 
to turn : and when that took place, the hnge bulk 
floated gently into ite place on tlie Anglesea pier, 
rested on the bearing there, and was instantly made 
fast, BO that it could not move again. The cheering, 
till now subdued, was loud and hearty, and some 
pieces of cannon on the shore gave token, by their 
loud booming, that the gi-eat task of the day was 
done." 
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The tube, when in position, was lowered down 
upon its bearings on the pier by opening valves in 
the pontoons, which thus sunk sufficiently to ease 
them of their load. 

The work of raising the tube to its position, 100 
feet above high water mark, was a much slower 
operation, and was attended with serious difScultieB. 
Hydraulic presses were used for the purpose, placed 
at the top of the piers ; two smaller ones, whieh had 
served to raise the Conway Bridge, being at one end, 
and a much larger press, made for the occasion, being 
fixed at the other. The immense tube was lifted by 
chains fixed to the heads of the presses, and two steara 
engines, of 40-horao power each, were employed to 
force the water into tb.e cylinders. The diameter of 
the ram of the largest hydraulic press was 20 inches, 
and the pressure iipon it was equal to 2J tons on each 
circulai" inch. The tube was raised by successive lifw 
of 6 feet each, and, as it was lifted, the space was 
built in witli masonry for its ultimate bearing. Dur- 
ing the operation of lifting, the bottom of the cylinder 
of the large hydraulic press bm-st out, and fell on the 
top of the tube, in which it made a considerable in- 
dentation. Mr, Stephenson had provided against the 
possibility of such accident, by having blocks of wood, 
an inch thick, introduced under the tube as it was 
elevated, and these blocks arrested its fall, or it would 
otherwise have been dashed to pieces. Even the 
small fall of an inch did considerable injury. This 
accident caused some delay, but the other tubes were 
in the meantime progressing, and the completed bridge 
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■wae opened for public traffic on the 21st of October, 
1850. 

The strength of the bridge was tested before pas- 
senger trains were allowed to pass through it, by 
placing in the centre of the longest tubes twenty -eight 
waggons, loaded with 280 tons of coal, and two loco- 
motives, and by aftei-wards sending those heavy trains 
through the bridge at full speed. The deflection of 
the tabes in the centre amounted to only three-quar- 
ters of an inch in each cell ; it being rather less when 
tiie trains were at full speed than when stationary. 
The strongest gusts of wind to which the bridge has 
been exposed have not caused a vibration of more 
than one inch. The total- cost of consti'uction was 
£601,865 ; of which sum £3,986 was for experiments, 
and £158,704 for masonry. 

Another Tubular Bridge of rival magnitude to the 
one across the Menai Straits is now in the course of 
construction by Mr. Brunei across the Tamar, at 
Saltash, for the South Devon and Cornwall Itailway. 
As no rock presented itself conveniently halfway 
across whereon to erect the central pier, Mr. Branel 
was obliged to work at a great depth below the surface 
of the water in making the foundation of the Koyal 
Albert Bridge. In the plan of making the founda- 
tion, as well as in the stracture of the bridge itself, 
Mr. Brunei adopted a course altogether original. In- 
stead of attempting to constract a coffer-dam by piles, 
which would have been almost impracticable at such 
a depth, and very costly, he caused a large iron tube 
to be put togethei", thirty-six feet in diameter, and 
13 
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ninety^ix feet long, to reach to the bed of the river. 
This monster tube was lowered perpendicularly in tlie 
middle of the river, and the water being pumped out 
of it, the men could work at the bottom in safety. In 
tliis manner, after much labour, the rock was pre- 
pared to receive the blocks of granite, which were 
laid one on the other, till they rose above the surface 
of the water. On that granite pedestal a cast-iron 
pier was raised to a height of 100 feet, the level of 
the roadway of the rails. 

The cast-iron pier consists of four octagon columns, 
10 feet in diameter. They stand about 10 feet apart, 
forming a square, and they are bound togetlier by 
massive lattice-work of wj-ought iron, to prevent any 
lateral movement. Each of these columns weighs 
150 tons; and when the full weight of the bridge 
rests on the foundation of the central pier, the pressure 
will be equal to 8 tons on the square foot, or double 
the pressure of the Victoria Tower on its base. 

In the stinicture of the bridge, Mr. Brunei availed 
himself of the results of the experiments made by Mr. 
Pairbaim on the strength of iron tubes, but he adopted 
a very different plan from that of Mr. Stephenson. 
Instead of constructing a large tube for the trains to 
pass through, Mr. Brunei made tubular arches, con- 
sisting of iron plates curved and riveted together, to 
sei-ve as rigid supports, from which the roadway is 
suspended by chains and by connecting iron bars. 

The placing of tiie first of the tubular arches in 
position between the pier near the shore at Saltash 
and the central pier, which took place on the 1st of 
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September, 185Y, excited great interest, and at least 
50,000 persons were assembled from places far and 
near to witness tbe operation. The tube, with the 
roadway and suspension chains, was floated from the 
yard where it was pnt together on four pontoons ; and 
it waa thus conveyed, and safely deposited on the 
piers at a height of 30 feet above high water mark. 
It was afterwards gradually raised by hydraulic presses 
to the top, a height of 100 feet. The work of raising 
it commenced on the 25th of ITovember, and was 
completed on .the 19th of May last. 

The following lively description of the Royal 
Albert Bridge, and its surrounding scenery, exti-acted 
from a recent article in the Times, gives a very good 
idea of the magnitude of the structure, by comparison 
with well-known objects: — "Though, probably, our 
readei-s may care little and have heard lesa abont 
Saltash proper, it is likely henceforth to receive a fair 
share of general attention, and we can safely say, to 
those who will journey down to see the bridge, that 
the viaduct requires indeed to be a fine one to attract 
their attention from the lovely scenery of the valley 
of the Tamar, which it crosses. The banks of this 
noble river nai'row in considerably as the stream 
reaches Saltash, and, hernmed in there to half a mile 
or so, snddenly widens out into as fine a sheet of water 
as any of its kind in the kingdom, its distant banks 
covered with cottages, and fringed with undulating 
woodlands down to the very edge. Across this nar- 
row part of the channel, where Saltash, in picturesque 
dirt and disarray, straggles iip the banks on one side, 
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and a steep bil], covered with rock and rock-grown 
underwood, forms the other, the viaduct stretches 
high in air. The hriefest general way of descnbing 
it J9 to eay that it consiBts of nineteen spans or ai'chee, 
seventeen of which are wider than the widest arches of 
Westminster Bridge ; and two, resting on a single 
cast-iron pier of four columns in the centre of the 
river, span the whole stream at one gigantic leap of 
910 feet, or a longer distance than the breadth of the 
Thames at WeBtminster. The total length of tlie 
structure from end to end is 2,240 feet,-— veiy nearly 
half a mile, and 300 feet longer than tlie entire stretch 
of the Britannia Bridge. The greatest width is only 
30 feet at basement; its greatest height from foim- 
datiori to summit no less than 260 feet, or 60 feet 
higher than the summit of tlie Monument. The 
Britannia Bridge, both in size, purpose, and engineer- 
ing importance, seems to offer the best comparison 
with that of Saltash, hut tho similaiity between the 
structures is far from being as gi'eat as might be at 
fij-st supposed. The Britannia tube is smaller, and 
cost nearly four times tho price of the Saltash Viaduct, 
though the engineers had natural facilities which Mr. 
Brunei, for his Comish bridge, certainly had not." 

The form of the tubes is an oval, 17 feet in its 
longest diameter, and 13 feet in its shortest. They 
are bent into an elliptical curve, with a rise in the 
middle of twenty-eight feet. With the roadway and 
suspension chains attached, each tube weighs 1,100 
tons. The tfltal weight of wrought iron in the bridge, 
when completed, will be 2,050 tons; of cast iron. 
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1,200 ; of inasonry and brickwork there will be about 
lYjOOO cubic yards; and of timber, about 14,000 
cubic feet. 

The second tube, which is in every respect like the 
fii-st, was completed on the 30th of June last, and on 
the loth of July wae euccessfully placed in positiou 
between the central pier and the Devonshire side of 
the river. The operation of elevating it began on the 
9th of August, and it has now reached neaidy the 
level of the Jii-st one, the tube being raised six feet in 
a week. 

The engraving on the other side is a view of this 
wonderful structure in its completed form. Its ap- 
pearance is far more light and elegant than that of the 
Britannia Bridge, hnt it remains to be seen whether 
it will be equally steady under a gale of wind, and 
whether any vibration of tie suspended I'oadway will 
interfere with the rapid motion of the trains. As the 
South Devon Railway has only one line of rails for 
the greater portion of its length, but a single roadway 
is provided on tlie Royal Albert Bridge. 

The progress of railway locomotion has not only 
given i-ise to tlie construction of new kinds of bridges, 
but it has directed mechanical science to devise better 
means of applying the strength of matenals. On the 
South Devon and Cornwall Railways are to be seen 
wooden viaducts, carrying tlie line over valleys at 
great heights, constructed with such slender timbere, 
that, to an inexperienced eye, they seem fiightfully 
frail for the support of heavy railway trains. 

We must not omit to notice, among the remarkable 
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bridge erections connected with railways, the viaduct 
across the valley of the Boyue, which paseee over the 
river close to the town of Drogheda, at a height of 95 
feet. The central portion of the viaduct is supported 
on four piere, 90 feet above high water mark, with a 
span in the eenti-e of 250 feet, and on each side of 125 
feet. This elevated portion of the work ie approached 
on the southern side by twelve arches, of 60 feet span 
each, and on the north by three similar arches. The 
viaduct is constructed ot limestone and iron lattice- 
work, and is calculated to bear 7,200 tone. 

During the erection of this viaduct the railway 
trains were can-ied over the valley on a wooden plat- 
form, without side railings, supported by scaflbld- 
polea ; and the crackling of the timbers, as the cai-- 
riages passed over it, and tlie diazy height at which 
they were carried tliroagh the air, produced a sensa- 
tion of terror in nervous passengers, that was fully 
justified by the apparent danger. 
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SELF-ACTING ENGINES. 

The marrafacturing progress of this country has 
depended, in a great degree, on the facility poeseesed 
of making machinery of all binds by the aid of power- 
ful engines worked by stoam power. Tliese engines, 
most of which appear to be self-acting, forge and roll 
and cut and bore beams of iron, boiler plates, and 
cylinders of imnicBse size, which it would be impos- 
sible to make by liand ; and tliey do die work with a 
rapidity and mechanical accuracy that would be 
otherwise unattainable. In the progress of manufac- 
turing invention, the small steam engine first made by 
manual labour created the power to make other steam 
engines of large size; and those more powerful en- 
gines supplied the means of making still larger shafts 
and cylinders for engines that were to be employed in 
the construction of machines of Tarious kinds, to be 
worked by the power thus accumulated. 

The important advantages derived from the inven- 
tion and application of self-acting machinery, not only 
by the community at large, but even by the workmen 
whose labour they for a time superseded, were forcibly 
stated by Mr. Whitworth, in his opening address at 
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tlie Institution of Mechanical Engineers, in Septemtei', 
1856 : — ^"I congcatulate you," he observed, "on the 
success which in our time the mechanical arts have 
obtained, and the high consideration in which they 
ai-e held. Inventore ai-e not now pei-secuted, as for- 
merly, by those who fancied that their inventions and 
discoveries were prejudicial to the general interest, 
and calculated to deprive labour of its fair reward. 
Some of US ai-e old enough to renaember the hostility 
manifested to tlie working of tJie power-loom, the 
self-acting mule, the machinery for shearing woollen 
cloth, the thrashing machine, and many others. Now 
the introduction of reaping and mowing machines, 
and other improved agiicultuml machinery, is not 
opposed. Indeed, it must be obvious, to reflecting 
minds, that the increased luxuries and comforts which 
all more or Ic^ enjoy, are derived from the numerous 
recent mechanical appliances and the productions of 
our manufactories, That of onr cotton has increased 
during the last few years in a wonderful degree. In 
1824, a gentleman with whom I am acquainted sold 
on one occasion 100,000 pieces of 74-reed printing 
cloth at 30s. 6d. per piece of 29 yards long ; the same 
description of cloth he sold last week at 3s. 9d. One 
of tlie most sti-iking instances I know of the vast supe- 
riority of machinery over simple instruments used by 
hand, is in the manufacture of lace, when one man, 
with a machine, does the work of 8,000 lace makers 
on the cushion. In spinning fine numbers of yarn, a 
woriiman in a self-acting mule will do the work of 
3,000 hand'Spinners with the distaff and spindle. 
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" Comparatively few pereons, perhaps, are aware 
of the increase of production in our life-time. Thirty 
years ago, the cost of labour for turning a suiface of 
cast iron, by chipping and tiling with the hand, was 
12s. per ecLuare foot — -the same worli ie now done by 
the planing machine at a cost for labour of less than 
one penny per square foot ; and this, as you tnow, is 
one of the moat important operations in mechanics ; it 
is, therefore, well adapted to illustrate what our pro- 
gress has been. At the same time tliat this increased 
production ia taking place, the fixed capital of tfie 
country ia, as a neceasai-j consecLuence, augmented ; 
for in the case I have mentioned, of chipping and fil- 
ing by the hand, when the cost of labour was ISs. per 
foot, the capital required for tools for one workman 
was only a few shillings ; bat noM', the labour being 
lowered to a penny per foot, a capital in planing 
machines for the workman is required which often 
amounts to £500, and in some cases more." 

Notwitlistanding the great economy of labour by 
the self-acting machines now employed for doing all 
kinds of work, it is gratifying to find that it has not 
had the effect of throwing men out of employ ; for tlie 
increased demand, consequent on the facility of pro- 
duction, has more than compensated for tlie substitu- 
tion of automaton mechanism for handicraft. 

It is extremely interesting to visit a large engi- 
neering factory, andto witness the ease with which tlie 
masses of crude metal are wrought in various ways, 
and converted by a number of seemingly self-acting 
engines into other engine and machines which are, 
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in their tnra, to become the agents of the further de- 
velopment of the skill and ingenuity of man. In the 
new Government factory at Keyham, near Devon- 
port, which we believe to be one of the lai'gest estab- 
lishments of the kind in the world, most of those 
powerful engines of tho beat consti'action may be seen 
in operation. The oompleteneee of the arrangements 
redounds much to the credit of Mr. Trickett, the chief 
engineer, under whose supei-viBion they were made ; 
and a walk through the factory, which is thrown open 
to public inspection, will well repay a journey of 
many miles. A detailed descnption of all its ma- 
chinery would fill a volume, but we must now limit 
onreelvee to a bare enumeration of some of the moat 
remarkable features. 

JSTumerous machines of the largest size, placed un- 
der the cover of an extensive and lofty roof, are em- 
ployed in doing everytliing requisite for the fitting 
out of the largest steam-shipe in the British navy. 
Shears, put in continuous motion by steam power, are 
seen moving steadily up and down, and cutting 
through the thickest boiler plates without the least 
apparent effort, the chisel-shaped knives that cut the 
metal moving just the same whether they be dividing 
the air or shearing iron. Punching engines, in like 
manner, force holes through iron plates an inch thick. 
Shaping and planing machines pare off the tough iron 
as if it were not harder than cheese. Eiveting ma- 
chines of different kinds bind together the plates of 
monster boilers with marvellous rapidity ; whilst 
machines for boring, for drilliug, for forging, and for 
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doing every vanety of smaller work, ai'e to be seen 
in operation in varioua parte of tlie factory. 

Among tlie smaller self-acting engines, the forging 
machine for making bolts attracts attention by the 
rapidity of its action. It consists of a series of ham- 
mei's placed side by side, so constructed as to shape 
small bars of iron into any required form, accoi-ding 
to the mould of the swages beneath them, represent- 
ing miniature anvils. It is interesting to watch how 
readily the hot iron receives its shape under the action 
of the hammers, which make about 700 strokes per 
minute, the work being transferred from one to another 
to be progressively finished. There is a circular saw 
that cnts through bars of iron as thick as railway rails, 
by making npwards of 1,000 revolutions per minute. 
A rivet-making machine fomns the rivet, and shapes 
the head to the requisite size, with great accuracy 
and qnickness. There arecompound drilling machines, 
in which six drills are acting simultaneously; liy- 
draulic presses, that force parts of machines together, 
and a great variety of other engines for the saving of 
time and labour. 

!N"ot the least curious of tlie smaller contrivance 
is an apparatus which deserves notice as a useful ap- 
plication of magnetism to manufacturing pui-poses. 
Sevei'al horse-shoe magnets are attached to two end- 
less chains, moving over suitable wheels, and inclined 
at an angle of 30 degi'ees. These magnets at the 
lower end of the chain, dip into a tub containing the 
mixed brass and iron turnings and filings from the 
lathes and other tools, and the pieces of iron, being 
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attracted by the magnets, are carried away and 
brushed off into a boXj leaving the brass behind to be 
remelted." 

In one department of the building are immense 
foundry fui-nacee, whei'e metals are melted and caet, 
the blast of tiie fires being maintained hy large rotat- 
ing fane, kept in action by a powerful steam engine, 
by ■which also the other machines are worked. The 
fouiidry is most conveniently contrived for casting 
works of any required size, fixed and travelling cranes 
being so stationed and ai-ranged as to caiu-y the ladles 
of liquid metal to any pai-t of the floor. 

In another department is the smithy, where the 
ii'on to be wrought into shape is heated iu forges ; 
and near to the forges stand the Steam-Hammers — 
those gigantic Cyclops of modern times, that sti'iJie 
blows, compared with the force of which the blows of 
the fabled Cyclops of antiquity were bat as the fall 
of a feather. 

Eanged in a row there are four of these ponderous 
engines, of various sizes ; the largest hammer being 
BO heavy as to require the power of four tons to lift it, 
and when falling from a height of 6 feet nothing can 
withstand its crushing blow. Yet the force of this 
mighty giant is so completely under control, and may 
be brought to act so gently, as scarcely to crack a nnt 
■ placed to receive its fall. 

The invention of the steam-hammer was the result 
of necessity. Tlie shaft of a steam engine having to 
be made lai'ger than usual, no hammer then in action 
by water power was capable of forging it, and Mr. 
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James iN'aEunyth was applied to, to give his aid in 
contriving the means of removing the difficulty. It 
was tlien that the idea of lifting the hammer-blocli: by 
the direct action of steam oecun-ed to him, and by a 
succession of exti'emely ingenious devices, he at 
length perfected the steam-hammer, ■which has been 
pronounced to be one of the most perfect artificial 
machines, and one of the noblest triumphs of mind 
over matter that modeiii English engineers have yet 
developed. 

The accompanying woodcut represents the lai'gest 
of the four steam-hammers in Keyham factory. The 
hammer block, a, weighing four tons, is guided in 
its ascent and fall by grooves in two massive up- 
rights, which hold t}ie whole together. The hammer- 
block is lifted by the piston rod of the steam cylinder 
above it, which is made of such diameter, that the 
pressure of the steam on the surface of the piston may 
considerably overbalance the weight of the hammer- 
block, and overcome the friction of tlae connecting 
mechanism. The cylinder of the largest steam-ham- 
mer atKeyham is 18 inches diameter, which gives an 
area of 254 square inches ; and the pressuj'e of the 
steam generally used being fifty pounds on the square 
inch, the total steam pressure tending to force the 
piston up, when the whole of it is brought to bear, is 
equal to five tons and a half. The force of the blow 
of the hammer, when falling from its gi'eatest height, 
is equal to 144 tons. 

By the arrangements of levers, screws, and pipes 
and valves, shown in the engraving, the steam is firet 
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admitted under the piston, and thus acts directly in 
forcing it up, with the heavy hammer-bloek attached 
to the piston rod. When the hlock has heen raised 
to the requii-ed height, it strikes against the end of a 




then shuts off the steam, and allows it to 
whereupon the hammer falls with its full 
force vertically on the anvil. Tlie end of the lever 
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which tunis off the steam may he adjusted at any 
height, according to the recLuired force of the hlow, so 
that the hammer may fall from a height of six feet, or 
be merely raised a few inches. 

The steam hammer, in the early stages of its in- 
vention, required an attendant to turn on the steam 
again at the end of each stroke, but Mr. Nasmyth in- 
geniously contrived the means of rendering the engine 
altogether self-acting, by causing the force of the col- 
lision to release a spring that holds down the slide- 
valve ; and by this contrivance a continued and 
regular succession of blovrs is maintained without any 



IJfot only can tile force of the blow be re; 
by the height to which the hammer is lifted, but the 
ponderoiiB mass may be arrested in its descent by ad- 
mitting the steam undei' the piston, so that a stilful 
manipulator can stop it within the eighth of an inch 
from the anvU. 

The Steam Engine itself, by which all the self-act- 
ing mechanisms of a large factory are put in motion, 
is, perliaps, after all, the most wonderful of inven- 
tions ; bnt it does not strictly come within our prov- 
ince, for Watt had perfected his gi'eat work before the 
close of the last century. It was, however, not much 
used, excepting for mining purposes, until after the 
commencement of the present ; and the inventor him- 
self had but a faint idea of the value and vast impor- 
tance of the motive powei' he had placed at the -com- 
mand of man. So little, indeed, was the value of 
steam power appreciated in the early years of its ap- 
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plication, that no notice is taken of the steam engine 
in Beckmann'e History of Inventions, thongli Watt 
had completed his condenaing engines several yeai« 
before that work was published ; and Newcomen's 
eteam engine had been at work at least sixty years. 

The liistory of tlie steam engine affords a sti-iking 
example of the gi-adual development of an invention 
from vague and chimerical notions, into an accom- 
plished fact of astonishing magnitude. As in the 
electric telegraph the dreams of the alchemist are fully 
realized by the applications of scientific discovery, so 
in the wonder-working powere of the steam engine 
one of the visionai-y schemes sketched in the " Cen- 
tury of Inventions" is practically extended fai- beyond 
the conceptions of its fanciful projector. How little 
conld Beckmann have supposed that an invention, 
which he considered too insignificant to be mentioned, 
would, in the couree of'fifty jeai's, have revolutionized 
the world ! It may possibly be the same, before this 
century is closed, with inventions that are now neg- 
lected or c 



The record in the pi'eceding pages of some of the 
most remarkable applications of science during the 
present century, exhibits an amount of intelligence, of 
skill, and of power that seems, when viewed in its 
completed fonn, to be superhuman. It is only by 
ti'aciug each invention to its source, and by noting the 
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step by step advances by wliicli it has arrived at itB 
present state, that we can triiig ourselves to believe 
that the great development of power and the display 
of ingenuity we witness, cau have been accomplished 
by ordinary men. This feeling of admiration, at tlie 
results of human industry and inventive genius, was 
strongly excited on passing through tlie wonderful 
collection of the works of all nations in the Great Ex- 
hibition of 1851. After walking through the long 
avenues, crowded with the most highly finished manu- 
factured goods, and with works of art, adapted to every 
purpose and capable of gratifying every luxurious 
taste of highly civilized life, we beheld, in another 
part of the building, the self-acting machines by 
which many of those productions had been manufac- 
tured. "We saw vaiious mechanisms, moving without 
hands to guide them, producing the most elaborate 
worlis ; massive steam engine^, — the representatives 
of man's power, — and exq^uisite contrivances, display- 
ing bis ingenuity and perseverance ; and we felt in- 
clined to exalt the attributes of humanity, and to think 
that nothing could sui-pass the productions there dis- 
played. But as if to repress such vainglorious 
thoughts, there stood in the transept of the building, 
surrounded by and contrasting with the handiworks 
of man, one of the simplest productions of Nature. 
Every single leaf on the spreading branches of that 
magnificent tree exhibited in its structure, in its self- 
supporting and self-acting mechanism, and in the 
adaptation of surrounding circumstances for ite main- 
tenance, an amount of intelligent design and contriv- 



Hostea by Google 



SELF-ACTIHG EK9INES. 307 

ance and power, with which there was nothing to 
compare. After examining the intricate ramifications 
of arteries and veins for spreading the sap throughout 
tLe leaf, and the innumerable pores for inhaling and 
exuding the gases and moisture necessary for its con- 
tinued existence ; after carrying the mind beyond the 
beautiful structuro itself, to eoneider the pi-ovisions of 
heat and moisture and air, witliout which all that 
mechanism would have been useless ; and having re- 
flected on the presence of the mysterious principle 
which actuated the whole arrangement of fibi'es, and 
gave life to the crnde elements of matter,— we could 
not fail to be impressed with the insignificance of the 
most elaborate productions of man, when compared 
witli the smallest work of the Omnipotent Creator. 



Hosted by Google 



Moral Philosophy. 



Elements of Moral Philosophy: 

BY HIIBBAED -WIHSLOW. 
13mo. 480 pugea, Price $1 35. 
Tlili work is an original and thorough examination of the fun- 
damentai laws of Moral Science, and of tlicir relations to Christi- 
anity and to practical life. It has already taken a flrm stand 
among uur highest works of literature and science, rrom the nu- 
merous commendations of it by our most learned and competent 
men, we have room for only the following brief extracts ; 

JVom tt« Ket. TnOHAB H. Skihnrk, D. D., nfihe Uiiioa TIteoL Ssm., ^. T. 
"Itisnworkof nncnramonmerltion a subject Mry djfficiiU to bo treaWd well. 
His anBlvels la coinplcle.- Ho bns slmnnea no qiipsLiod whicb bis parMEe leguireii lilm 
to snawu, and be bae met DO adverssrj wbteb he hm ngt overcooie.^' 

JVom Ret, I.. P. Hioeok, Viee-Preiident of ITnitM CaUoffe. 
)Bod in the proft 

Frma'Biif. JamebWslkbr, D. D., Prs^^enl p/ Bartard DitivtrHti/. 

flspecially dlreoteil, I am free to 
natJoD, aod accmacj' of the no 

Ftwn Eet. Bit P*1UBB, D. D.. qf Albany. 

"IbaTeesamlned Ihia work with grpnt pleasuta. snd do not bodtato loeKythnt In 
TJDIIgrnMtlliagreally Buperior to auy trcaUae I haYO seen, in nil the eesentiil 
reqaMtes of a good text-boot." 

^omPnOF. EoussBinD. HrtonoooK, D.D.,Q/Onion T/ieoL Sem^2^. Y. 

"The task of mediadng between aolenee atid Ibe populat mind, is ona thai teqnlros 
a pecullnr gift of perBplcnft)', both in thought and stylo; and this, 1 think, tliaantlior 
jjiSeaseBin an eminent dterea, I am pleased wllb la ogmpteliansiirenass, ita plain- 
noaB, and Ita fidalitj to Iho Cbrletlsn stand-point." 

.JVunl Pbo». Hesri B. Smith, D. D., qfihe Union TReot Sem., H. T, 

"It commends Itself by Ita olear arrangement of Uialoplcs, ita pfrsplouity of Inn- 
enaee, and its conshint ptaoUcal bearings. I am patHoulatly pleased ivith its yiowa of 
ci.nlcience. Ita frequent aiid perUnent lllnstratlonf, and Iha Scilptoral oharaoter oflta 
esplanalions of the parUonlar dnties, will make the work both attmotlve mid valuable 
aa a leict-book, in Imparting instruction upon Oils Tllel part of piillosophy." 

Mvm W. r. 'WiuioB, D. D., I^i^eaort^Jntelleclaal and Moral FMloao^sg in 
Mobart Fna CoUege. 

" I have examined tlia work ^th oara, and Jiava adopted It us a test-book In tbo 
stndy of Moral Sclenoa. I eonsidar It not only Bound In aootrine, but i^ear and Eyeu» 
matlo io methnil, and wiUiel porradad with a prevallina- Iiealthy tons of sentiment, 
whldi cannot Eiil to leave bemoll, in addition to the Irntlia It incnlcotes, nn imprea^on 
in ftvoroftliose truths. I ealeem tbisoneof thagrestestmerltsof thebook. In this 
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